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The Very-High-Temperature Reactor (VHTR) is one of the candidates for the Generation IV
nuclear energy system. ZrC coated fuel particles are expected to make the performance of the
VHTR higher. Therefore, we are investigating the ZrC-coating process.

From April 2007 to March 2008, ZrC-outer pyrolytic carbon (OPyC) continuous coating
tests were carried out with the nonnuclear particles. We finally succeeded to coat
continuously the ZrC layer and the OPyC layer with the thicknesses up to about 27 1 m and
about 48 1 m, respectively, in the batch scale of 100 g.

Keywords:Very High Temperature Reactor (VHTR), ZrC-PyC Coated Fuel Particle,
ZrC-coating Equipment, ZrC Stoichiometry ,ZrC, O-PyC

Present study is the result of “Research and development for advanced high temperature gas
cooled reactor and graphite components” entrusted to the Japan atomic Energy Agency by the
Ministry of Education, Culture, Science, and technology of Japan (MEXT).
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Table 3.1 ZrC Coating temperature dependence of distribution of pores in OPyC layer,
ZrC-OPyC continuous coating test, particle inventory: 100 g, CH4/ZrBra
ratio: about 1.0, ZrC coating duration: 90 min, C/Zr evaluation: ICP-AES+
infrared light absorption during combustion in oxygen, OPyC coating
temperature : 1433 “C, CsHs concentration: 14.3 %, coating duration: 8 min.

Table 3.2 Coating duration dependence of layer thickness, ZrC-OPyC continuous

coating test, particle inventory: 100 g, CH4/ZrBrs ratio: around 1, ZrC
coating temperature: around 1350 °C, C/Zr evaluation: ICP-AES+
(infrared light absorption during combustion in oxygen), OPyC coating

temperature: 1433 “C, CsHe concentration: 14.3 %. =««eeeeeeeeeeeeeeens

XU A k

Fig. 2.1 ZrC coating equipment -+« ««++setteeeenneennetuieeeieetuieeuiaeennas
Fig. 3.1 Upper heater with a particle fluidizing bed +-cccrereerrecacnaceanaen..
Fig. 3.2 Coating temperature dependence of density and coating rate of OPyC, OPyC
single coating test, particle inventory: 75 g, CsHe concentration:

14_3 %' ..............................................................
Fig. 3.3 ZrC Coating temperature dependence of C/Zr and coating rate of ZrC,
ZrC-OPyC continuous coating test, particle inventory: 100 g, CH4/ZrBrs
ratio: about 1.0, ZrC coating duration: 90 min, C/Zr evaluation: burn weight
method, OPyC coating temperature: 1433 ‘C, CsHs concentration: 14.3 %,

coating duration: 8 Min. e+ eeesrrereraetia et
Fig. 3.4 ZrC Coating temperature dependence of averaged fracture load of mono-axial
compressive fracture test of the coated particle, ZrC-OPyC continuous coating
test, particle inventory: 100 g, CH4/ZrBrs ratio: about 1.0, ZrC coating
duration: 90 min, OPyC coating temperature: 1433 °C, CsHs concentration:

14.3 %’ coating duration: S min. *cccccccrrrettettttitttittttstettssaene
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Fig. 2.1 ZrC coating equipment?.
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Fig. 3.1 Upper heater with a particle fluidizing bed?.

3.1 OPyC Hiph gtk

ZrC-OPyC i BRI B, JH) 72 OPyC # RS 2 HEH 9 % 72 OPyC Hphaaat
BRa AT o7z, JEPRL 7254 & 75g, CsHe 7 ARFE 14.3%IZ[EHE L, OPyC BRIz BT 5
OPyC J& % i M Oss E O BB IR AR AT & S~ 7= /6 R 4 Fig. 8.2 1”9, MR &V
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Fig. 3.2 Coating temperature dependence of density and coating rate of OPyC, OPyC single

coating test, particle inventory: 75 g, CsHs concentration: 14.3 %.

PBIEE 1433°COEA. OPyC JEDOREREL 1.77g/lemd T > 7273, [ UHEBIREE kR +
LA 100g & L CHE L7284, OPyC BOEEIL 1.82g/cm3 (200N L 7=, ZrC J& &
BT DG EITRB VLT, OPyC J& 2B DR T ZeC R STy BRI DO E R
TEERIEERL - L W HHELS e o TV D, 18- T, FUEPKL A2 &4 100g & L T ZrC-OPyC i
WIB AT 5 BE12iE. OPyC B 2% 1430°C & 4% & . OPyC ZJE I 1.82g/cm3 7> 5 B |2 HY
LT HTTR BRELOfAE (1.85+£0.1g/em?) FEEIZ2 5 LHEHI STz,

3.2 ZrC-OPyC et 78 5k
3.2.1 ZrC #BR KA1
EEE 3.1 1BV TC, 100g /Ny FHAEIZE T 5 OPyC J& DOWEIR L I3/ 1430 C Y Th 5

CHEMI S 7=, = 2T, OPyC EBWFBIRE 20 1430°C & L, 100g /3 v FHIME TRE 4 7 ZrC #4 78
IRFEC ZrC-OPyC Mgt it B 217\, #FE)E O W oW HE O ZrC Y IR AR 2 FR 7=,
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(1) ZrC #hR R (R A7k

JFUEPRL 7254 £ 100g, OPyC #i7E)E 1433°C, CsHe 7 AJRE 14.3%, OPyC #{ N Smin,
CH4/ZrBrs = #9 1.0, ZrC #¢7=HR5[H 90min (Z[EHE L T ZrC-OPyC i g 7 iklR 217 - 7= f e &
Fig. 3.3 2”7, 7235, ICP-AESHRBALIRBEMRIMBIIEIZ L D ClZr FLFAfi X Z OIKIZAR L7z 6 /3
v FRHUZONWTII T TV 29 (2.4(2) 5 #) (Fig. 8.8 D C/Zr 1T/ EELE TOMTH 5,

18

16

14 -

12 ¢

10 ¢

ZrC coating rate [ £ m/h]

1.15

ClzZr

1.1

1.05 . *

11300 1340 1380 1420
ZrC Coating temperature [°C]

Fig. 3.3 ZrC Coating temperature dependence of C/Zr and coating rate of ZrC, ZrC-OPyC
continuous coating test, particle inventory: 100 g, CH4/ZrBrs ratio: about 1.0, ZrC coating
duration: 90 min, C/Zr evaluation: burn weight method, OPyC coating temperature: 1433 C,

CsHe concentration: 14.3 %, coating duration: 8 min.

ZrC #REH L ZrC BEBIRE DN R WIE ERE < o7z, ClZr blE, ZrC #EIR K 1310 ~
1380°COFIPATHI 1.0 & H % © Z{biT 72 <  ZrC BEIRER 1410°CO R TO R 1.2 TH o712,
725, OPyC J& D% M O 1345 % 1.86~1.93[g/em3] L O 172.5~217.5[ u m/h] & i 5 >0
T2y, RS 8.1 THERI & u7=im v . BT HTTR BB ORI /e~ 72, 728, ZrC #7E
IR L OFERIF R M 72 o7, £72. OPyC JE@ DEE & 9l DI LA Z R 725
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(2) ZrC #e78)E D it'H O OPyC J& ~D %

Fig. 8.3 [TRSND 6 Ny FD I H 4 8y FITOWTHL - — B EAFIERBR A 1T o 72, D
50 K1 DOREEEMT T O FEMED ZrC HFE IR LKA T % Fig. 8.4 IZ/R~T,

40
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20 .

Averaged fracture load [N]

15
1300 1340 1380 1420

ZrC coating temperature [°C]
Fig. 3.4 ZrC Coating temperature dependence of averaged fracture load of mono-axial
compressive fracture test of the coated particle, ZrC-OPyC continuous coating test, particle
inventory: 100 g, CH4/ZrBr4 ratio: about 1.0, ZrC coating duration: 90 min, OPyC coating

temperature: 1433 ‘C, CsHe concentration: 14.3 %, coating duration: 8 min.

ZrC BEIR R 1410°CLAN DR o FUITONWTIL, ZrC DR SN2 5126 B b 3k
B 13K 35INITIRIEFR L ThH 223, ZrC #BIREA) 1410C DNy FDOH4 20INITH Y | il
DRy FEXOAENTNS N, 2O ZrC HERER 1410°C Oy F LA DGE ORER RNy
F DT — 4% % Table 3.1 |/~ 7, WrifitBBlEE 2179 &, Table 3.1 1TR"T LT, 2Dy FOD
7 OPyC J& D ZrC J& & OBEFAHTIC KR E AR T BFEE L, £72. ZrC JBREAHM LTz,
ZONRyFOIRIrCEBORE L KE S BB 0W ST TEX 20N, ZORT OFIEMED /S
FLUARTNSRMECTHEBE L CLE SRR TH D AT RE W, F2, KT IX ZrClg et o
BRARMEICAFET D52 e D, ZeC BREOMMN AT EDOFEINTHS & Bbhb,

B — B EREREEIRE AV N S VDRI IE N KU 7R a v Xy MERIREZ SI28 03 -
ERICHER LTV EB X bND T, BE LR, 6o T, il & R ZeC 8 % 17
THZELEFEAEEETHLZ EBRbI T,

B, Z0 ZrC B 1410°CH /X v F D OPyC @ DOF L 1.90g/cm3 THh 0 . DN F
& RIFRE T D ER T LA B O T ZeC 8 & OBERATED OPyC & H R 7 IZIXEIR
DIRETHIZDTHDHEEZLND,
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Table 3.1 ZrC Coating temperature dependence of distribution of pores in OPyC layer,
ZrC-OPyC continuous coating test, particle inventory: 100 g, CH4/ZrBr4 ratio: about 1.0, ZrC
coating duration: 90 min, C/Zr evaluation: ICP-AES+ infrared light absorption during

combustion in oxygen, OPyC coating temperature : 1433 “C, CsH¢ concentration: 14.3 %,

coating duration: 8 min.

ZrC coating temperature:
1359°C 1413°C

>

<

o

o

(o)

o)

€

o

o)

(&)
Batch No. : ZrC-06-3002 Batch No. : ZrC-06-3006
« ZrC thickness: 21 ym + ZrC thickness: 25 y'm

o | "ClZrratio: 1.03 ~C/Zr ratio: 1.13

§ » ZrC density:6.52 g/cm3 » ZrC density:6.33 g/cm3
*OPyC thickness: 24 um *OPyC thickness: 24 ym
*OPyC density:1.90 g/cm? *OPyC density:1.90 g/cm?
Averaged mono-axial Averaged mono-axial fracture load: 20.1 [N]
fracture load: 35.9[N]

3.2.2 WEARFRIK AN

50 8.2.1 1238\ T, OPyC #FBIR A 1430°CI12 T HTTR HAE DB JE 25 - 7= OPyC J& Z 1
BTED I EDMER ST, 72, ZrC #AEIR LK) 1310°C~#J 1370°C DOFaPH TEHMD B ZrC
JEEWETE D 2 Libholz, £ 2T, OPyC JEHFERE 25 1430°C L L, ZrC #HRE &
1350°CHEEE & L Tk x4 7RI CHAB 21T o 72, 7238, ZrC BIRE % 1350 CRREE & L7 #il T,
PRI NS /DRI% L THERMD BV ZrC B2 B RETH I ND TH 5,

Z Ot R Table 3.2 12”3 T K 5 I WK ZFHHE T2 2 LI2 kY ZrCJEESHK 27T um £ T,
OPyC JE/E 4 48 u m F CTOE— o4 fg 2 M8 4 5 Z L N TE T,
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Table 3.2 Coating duration dependence of layer thickness, ZrC-OPyC continuous coating test,

particle inventory: 100 g, CH4/ZrBr4 ratio: around 1, ZrC coating temperature: around

1350 °C, C/Zr evaluation: ICP-AES+ (infrared light absorption during combustion in oxygen),

OPyC coating temperature: 1433 “C, CsHs concentration: 14.3 %.

OPyC coating duration: 8 min

OPyC coating duration: 12 min

OPyC coating duration: 16 min

OPYyC thickness: about 24 ym

OPYyC thickness: about 36 um

OPyC thickness: about 48 u m

ZrC coating duration: 90 min

ZrC thickness: about 21 ' m

-

Batch No. : ZrC-07-3002

ZrC coating temperature: 1359°C
CH,/ZrBr, ratio : 0.95

C/Zr ratio: 1.03

ZrC density : 6.52 g/cm?

OPyC density : 1.90 g/cm3

Batch No.: ZrC-07-3004

ZrC coating temperature: 1347°C
CH,/ZrBr, ratio : 0.97

C/Zr ratio: 1.03

ZrC density : 6.55 g/cm?

OPyC density : 1.93 g/cm?

Batch No. : ZrC-07-3005

ZrC coating temperature: 1358°C
CH,/ZrBr, ratio : 0.99

C/Zr ratio: 1.03

ZrC density : 6.52 g/cm?

OPyC density : 1.94 g/cm3

ZrC coating duration: 120 min

ZrC thickness: about 27 ym

Batch No. : ZrC-07-3010

ZrC coating temperature: 1354°C
CH,/ZrBr, ratio : 0.97

C/Zr ratio: 1.03

ZrC density : 6.52 g/cm?

OPyC density : 1.92 g/cm?

Batch No. : ZrC-07-3011

ZrC coating temperature: 1365°C
CH,/ZrBr, ratio : 1.03

C/Zr ratio: 1.07

ZrC density : 6.44 g/cm?

OPyC density : 1.92 g/cm?

Batch No. : ZrC-07-3012

ZrC coating temperature: 1351°C
CH,/ZrBr, ratio : 1.15

C/Zr ratio: 1.06

ZrC density : 6.43 g/cm?3

OPyC density : 1.96 g/cm3
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(1) ZrC JgZm M 7224 . OPyC EHICKE 27 DR S v, R —Hh =k R

DR TFT 252 BB LMNIRoT,
(2) WEEELEOWESMZ2ETL L2k, b T HEME 100g I2BWT, EXH
27Tum FTOZrClE L, JEXH48um £TD OPyC ZHfET 2 LN TET,
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