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A Study on the Commercialized Fabrication Technology of
Centrifugally Atomized U-Mo Fuel Powders for Research Reactors

718, AslE, A, A, GFH, oA, AT

FEPAE AT o
WALAN 4T G206 150
Q oF

A28 AT U-Mo Azt de] &8st Alxvisd #s A7 53
HA. AR Thed 7 dss HAe dARTEE VlES AEskr] 918,
ZA% Y slurry =29, ALO; E7FU AR, SisNy 314 dwAls 2 3 A7)
B7|Ed #3k A5 FAEJY. E AsEsdtE Feees Axste 94
Ao A S BTV SEl, s W] AFEAL Y] A RS AL
sto] Wb AREAIGE Bl ARSI O, 2y Fieid® RUgsio] Tps
AFEAl FFERY 2k s dSsddth. el AEsE dARFER 72

AAE Fdste], AAETFIFX g 155 F ST} o] FAAER st

Abstract

A study on the commercialized fabrication technology of centrifugally
atomized U-Mo fuel powders for research reactors has been performed. In
order to develope economical and high-performance atomization parts technology,
studies on the slurry coating method of graphite crucible, the Al:Os; crucible
materials, the SisNy rotating disk materials and the high—frequency pulse motor
were carried out. In order to improve critical safety of centrifugal atomizer
used in producing reduced enrichment uranium alloy powders, nuclear criticality
in case of using gas coolant was calculated and compared with the case of

water coolant, and the increase of the induction coil temperature was predicted



induction coil. The conceptual design of

with modelling the gas—cooled

commercialized centrifugal atomization equipment was also performed to attain

high performance and high safety of the atomizer.
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SALTMY slurry E¥XAELS WA 10mm AEe E7FY WH 9 @
Holcote #110, @ Y203, @ TiC, @ Y203 + Holcote #110, & TiC + Holcote #110
CXAE 7247 =X, EtEH Mo JEE U-7%Mo 534S 7HA=EE 44
it EFFAA 25t FFE S EAANA 1600C7HA 7Hd, FA 3 F
2yttt TerASE AAT SFA=VHY AlES Aw, mountingsho]
metallography A#HE  F8]31%

EDX(Energy dispersive X-ray spectroscopy)ZS E3f WgZ e, X4 L A4S
ZAFSF A

ALO; =7HY AARFFAAE 853 Mo 98F5 U-7%Mo dvx4d<= 7}
ArE A5 A susceptor ol AAHo] 27C/min®| s2&%=® 7HEsto]
1600CoA = FAF stF2os FEstitt. AHESF ALO; =7t e St =

Az2EQ o metallography A1 S At mounting 3] SEM(scanning elcetron

3, SEM(scanning elcetron microscopr) %

microscope) 2 EDX(Energy dispersive X-ray spectroscopy)S Ab8-3to] Hk-2-AFE)
& FAEAT SisNg dub AR FAIES SisNy I AYRES YA o2 A A
40mm S Atz Ao FAsA A, AFsAe. A 2FYol =Y $-2F
B34 Mo 985 U-7%Mo a2 S M=% FUdF =< susceptor el AA
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Mass density Number

Coolant (g/cm®) Density(#/cm”)

N(H)=1.9297E22
Freon(HFC-134a) 1.026 N(C)=1.9297E22
N(F)=1.9297E22

N(H)=7.0816E22

H.O 1.0 N(0)=3.5408E22

3. 4% 2 AE
3.1, AT
3.1.1. 39 %71y slurry =3

SAE=7HY W ZrO; - SiO27F 4 %<1 Holcote #1108 slurry =33 A3},
g 2-(a)ol YErd nbke} 7ol U-Twt.%Mo &% Alo] S ¢ 22mm A
T2 ddsA dAEHUT. EDXEA g3 9] =4S point analysis$t 2 7}
42at.%6U, 29at.%C, 14at.2%60, 9at.%Si, Hat.%Mo, 0.3at.%Zr ©|%lt}. Holcote #110
EXASE FAEA ekgken, Holcote #110 EXAS $-2tEy ©art 54
Eol¢ A2 549 T3 o] IAE AoE FHHEY. SA=EZHY el
Y2035 slurry =33 A3 29 2-(b)ol YERH wEe} o] t 100m AE2] Y203
IAFe] AAGAeH, ExAFOR fetEsEo]l IFHA &S oA

= pa

|

zk H o] Y203 +
Holcote #110& slurry =33 A3 1§ 2-(d)ell veRd npep o], F3hgkgZo]
t 100um AXE &5 o] dArk. EDXEA point analysisd A3, $H3E AL
85at.2%C, 14at.%0, 2at.%Zr ol U, Mo, Si, Y& &5# gt} Zd=
Y o] TiC + Holcote #1102 slurry =X3 Ay 29 2-(e)oll Yebyl nle} 7+
o], T7H+SEFL t 300m HE Ak EDXEA line scanning A3, C, Ti, Uo°]
A EFEHol Ao point analysis ZAF}, 42at.%Ti, 37at.%C, 15at.%0,
lat.2%6Si, ~lat.%Zr, 4at.%U, 2at.%Mo ©]%lt}. SEM¥} EDX #2143} =X AF%
o fetE&ol ot T whE3 sow FAEC.
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g 2. A% Y W slurry =X
o] U-7%Mo®} il ¥HgA17l
o] FALA AAEP A AR,
(a) Holcote #110, (b) Y203,
(¢) TiC, (d) Y203 + Holcote #110,
(e) TiC + Holcote #110.

(e)

3.1.2. AlLO3 =7}

ALO3 =7t e &8 2 WA a0 dEste] U-Twt.%Mo ¥4+
o dFAoRE A% #de HAEA Fdvh. 2H 394 HE Ko F= ut
o o]l =7HY/U-Mo &8t whg-3o] A=A LFAdtt. S2AA 2% A= &8
H 1550C ~1600°C F7toll A HAFE7F 1x107 torrol A 1.8X10 % torrz k3t &hg
stlom) w7ty BARE fHo] wmwkAlE we= w3 AAEo] FASAY. ol A&
AlOs =7t 591 susceptor 7Fe] WS Fi= ALOs; E=7FY 9] Fatel] 7]Qlsttla
AzkEh Az U-Twt.%Mo YAEF e ZrO; E7Y AR&A| ¢} mpz7bA =

T3 o wAE o] Az}
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a9 3. AR ?94 AlLO3; =79t U-Twt.%Mo kel Aol o &
EJAPA

3.1.3. SisNy 3] & dwt

SisNy 3|7 uke yaa oz A7 40mm 3 dukyl Ao HdstA A
Az At 33704 U- 7wt %Mo FFo YAREFTE 3| HALEE 25000rpm A
Lol n&Ho R ARGHIUFAE Eteta, dAETTol Tdol wAEA skt
T3 1600C Hx=e U 7wt.%Mo S o HAE SR gttt AAET
FEo] E<4E 3hFo] Si 283 ppm, N 5 ppm, C 145 ppmOo. & %v’_\—%ol arA &
PHAE Fodrt, B8 SAY==Y w7t R 125m o]t AR A7) B 3
TE& 6%ZA v AT FPEE] AZzFH A

25 |

Weight Fraction (%)

20 40 60 80 100 120 140 160 180 200
Particle Size (um)

(a) (b)

I8 4 AAEES SisNg 9uka) ¥ U-Twt.%Mo 29 =X % (h).

ANBRG FA BF5} air bearing A7IREE 1Y 59 2ol M|, Axts
o] Nedd A3 AHAEE 38000pm7A] AEA 0w SaaPe FaA,
ATs O

At =2} air bearing A7]EES  Fo A%S Ayrw X
76mm-1433mme. 2, A A= Westwind A A& A Z



o] ok

e

L435mme} vl ad] B, Aol <k #op gdEe 44 AV|EREHE 22 kW=
A d= Westwind 3AF AlF9] 3148 2 kW3 A9 FAsg. 314
A7|EEHE 30,000 pmEA] 9=+ Westwind 3|A} A& HA3ch. &

H
& 45 kg/em® 24 A Westwind 3|4} AlEFS] #7149 56 kg/cm® Rtk oF7t
vt} Radial failure load: 45kg ©. 24 9=+ Westwind 3 A} A% 9] failure load
Ql 36kg HUF Rt =A AAIE] bASHA AAFEAY. oA AT
= S5HAYO® cooling fing AASo] collet F917F HEdHA F2HA FeFH
ERa=
S —’”//
i T VIV, R % AL
9 5 PARIEL A 31F 9} air bearing & 7] BLE.
33. 7k Qv AR8A] 9 A AE @ FeAd 245 dF
3.3.1. FreonS YZAZ A& 2459 AdAETZAd dig QAL AL
A5 1o+ k-eff = 033001 £ 0.01402 oo, HS 204 += k-eff =
0.59627 £ 0.02937 olAth. 219 A9} o] Eof 93 Atae] A7t AL
ZHME o ddstA dveElyt. ZEes HAste EEHCE)S 727 &
THL HoAUANH FEETE Hof FAA] AehitgEo| ERUE B €S
X v A= oz duEn, wEba SdA bdAd HIte ASee e HF

= AAEEA] 13T,  full powerr 2
v AYFEFERAG FaAgle] 1T o
= =25 (AT)E 50T olstz A g+al7]
g 69 Yeld nvke} o] oF 15 kg/ming] 7|AFFEHE7 2" T
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34. AE AAEFEA 71 AA

g AR = O atomizing chamber, @ melting and pouring
system, @ evacuation system, @ cooling gas system, ® disk driving system, ®
control system. @ powder collection system &% =LA A% o|Qlt}.  Atomizing
chamber #AM+= FE7FEE E7HYE 7FEsta, ldA#EE 18ste] Y=+
flour gasE AF83l=%E 3F%th. Melting 2 pouring system -9l A= batch type
AL A= 84, dE dAETFAIe AEAoRE EFHSEE SHTh
Evacuation system o4& rotary pump®} mechanical booster pumpE AF-£3}¢],
A =213 EE 5 x 107 torr7h HEE 3ttt Cooling gas system -0l A=
WZHAZ Ar or HeE AREstH, #dstA #AEESE 8t Disk driving
systemell A+ FdE 2 kW 2 H3]HdE5%E 40,000 rpme 7HA & A7 EEHE A
Ast, ARt WA 2 RE FE Ade sEUEeR ojFH L% Sl
Induction power supply oA+ 2 FI4E F 3 kHzE 7HAW, 2z Lol
gk Wuj= flour gasE T¥3ste] AFEStES skt Control system F-of A=
(1) vacuum control, (2) disk driving control, (3) crucible ¥ tundishe] g+ 7}<
control, (4) cooling gas control, (5) melt pouring controle] ¥ %% 3}T}.
Powder collection system oA & b7l cyclones AF-83}o] hefa filters &3

S BUlE 8ol 0001% ola7} HEE Sk
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2 TiC + Holcote #110 =3

Holcote #110, Y203, TiC, Y203 + Holcote #110
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