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Conceptual Design and Selection of Deposited Metal on the Valve Seat
for the High Temperature Isolation Valve in the HTTR Hydrogen Production System

(Contract Research)
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(Received October 4, 1999)

In the HTTR hydrogen production system a high temperature isolation valve should be provided outside
the penetration of containment vessel on the secondary helium loop. As the secondary helium gas is at
temperature of 905°C and pressure of 4.1MPa, there is not any available isolation valve used under such
conditions. Once demonstration test of high temperature isolation valve was carried out in the ERANS
project. Tested valve could meet the basic design requirements but some problems remained.

In this report a conceptual design of the high temperature isolation valve is performed in
consideration of resolving these problems. The structural reliability is confirmed by the
three-dimensional stress analysis.

With respect to the deposited metal on valve seat, a screening test is done to observe the
basic properties of candidate metals. From these results, it is shown that Stellite alloy that
is used in practical valve has a possibility of the separation at welding layer and carbon
diffusion from deposited metal into the base metal. Nickel-base super alloy has a possibility
of internal and intergranular oxidation due to contained Al and Ti. Therefore, detail
metallographical and mechanical tests for long period are planned to select the adequate

deposited metal.

Keywords : HTTR, Hydrogen Production System, Isolation Valve, Conceptual Design,
Three Dimensional Stress Analysis, Deposited Metal, Stellite Alloy,
Nickel-base Super Alloy, Metallography
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Table 2.1 Specification for the isolation valve of the HTTR hydrogen production system

K NI BT > 7 F
W2 X R BIRT R 3EH
it~ < & As
VEBh A ~Y A
VEBV TR Ot IR 905°C
EBFEOERIES 4.1MPa
TEBhSRE DI & 9000kg/hr
[BlE= " 20 ¢
FEV—I7 K 10atm-cc/sec (B #Z{E)
eis s 30sec
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Table 3.1 Comparison of features of the valve seat shape

21N RAT) ) ¥

#ift 5 FHEBREICERT DD, | K SUCHREFRT S0,
K& 2R B E INS R ST

T = FEPEVADLENRE |- MEOEYELE I #
5 L

e | RELSFBICRVIALI & | BERR STV RENH
e/ JEIZRVVAT RIREMED B D

Table 3.2 Comparison of features of the seal mechanism

i 2=V 75 R—iv _Rpg—ZX—)b

NVRE (RELTT U FRORMIC | Ne—X2XY ST N
VM EED, V-7 %P | ORMEBRY., BEHTD
<\\

¥ TARR b, [HREBHEDIE | SUS, A v axVEDOLR
A

WiE Bl B

e N — X HEARRRE B STEEEH

i # BanRiEl, ELBEHEK T | MR OMIBMRE KT
13 1650°C & TS WRE

g~ oL NI DBHIBEFEL R

AN b
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Table 3.3 Comparison of features of the actuator

i EHIX 7Y o H—K
YEBhJE BE BRE—F—OREHCL | VY v ¥F—DEFEHICL
D IELXEIT DL EINT
BERERBFCLRIIFHL | BRELRIC 7 LEA
A THEBIIYAIEHT S
AREMEN D B,
YRS R EF—F—OMWRIZL S0, | &E TED
7Y o F—REEE
T8
BX e 5 B FT—F—OHEIC L AR | FRIIEELW
DS A]HE
%l BIR, HEHEE ZEREE DR
AR FT—F—OHEICLVEEM | VY AR EERIENIC
HDOBRENES LV EE
HEE~D |EEPEBHBRVW-DHHE | EENEV-ORELRF
FINZAVAS +EF
Table 3.5 Input data
BEERIZ L D HE S2 HE S
BB 1 (Y 1)
Fx (kgf —~6976. 0 178. 9 —-566. 7
Fy (kg 6. 32 148. 7 1057. 0
F z (kg 7395. 3 168. 5 668. 5
Mx (10%kgfmm) 7453. 3 169. 4 850. 5
My (103kgfmm) 66. 7| —259. 2 —394. 5
Mz (103kgfmm) 1378. 0 —58. 6 833. 3
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Table 3.4 Input data

BRI A IS
B SUZME (kcal/mh°C) L8 (kcal/kg°C) HER (kg/m°)
°C NARTFAAX]|2.25Cr1Mo|hFH—IL [N\ATFRAX|2.25Cr-1Mo|hF 92— )L [N\ZTRAAX|2.25Cr—1Mo|h7AH—IL
50 8.445 31.38 0.1163 0.1092 8230 7850 220
100 9.482 31.73 0.1170 0.1139 8230 7850 220
150 10.44 31.99 0.1169 0.1189 8230 7850 220
200 11.24 31.99 0.1181 0.1233 8230 7850 220
250 12.04 31.89 0.1174 0.1284 8230 7850 220
300 12.84 31.56 0.355 0.1185 0.1334 0.209 8230 7850 220
350 13.65 31.03 0.1208 0.1383 8230 7850 220
400 14.60 30.48 0.385 0.1235 0.1441 0.218 8230 7850 220
450 15.41 29.81 0.1264 0.1509 8230 7850 220
500 16.21 29.03 0.425 0.1302 0.1585 0.222 8230 7850 220
550 17.16 0.1330 8230 7850 220
600 17.97 0.470 0.1364 0.227 8230 7850 220
650 18.77 0.1390 8230 7850 220
700 19.57 0.520 0.1454 0.233 8230 7850 220
750 20.52 0.1520 8230 7850 220
800 21.33 0575 0.1584 0.238 8230 7850 220
850 2213 0.1647 8230 7850 220
900 22.94 0.635 0.1713 0.243 8230 7850 220
B hRRBHEEE

B HEEE  (kef/mm?) | RPVULH BRRER (/°C)

°c NAFOAX[2.25C—1Mo[/\ZAF0O1X[2.25C—1Mo| /AR F O 1X|2.25C1Mo

20 19900 21000 03 0.3 8.4x10° | 12.10X10°®

100 19300 20700 03 0.3 8.4X10°° | 12.10x10°®

150 18900 20400 0.3 0.3 9.4X10°° | 12.43x10°

200 18600 20100 03 03 10.4x10° [ 12.70x10™

250 18200 19800 03 0.3 114X10™° [ 12.96x10™

300 17800 19400 03 03 12.2x10°° [ 13.21x10°

350 17400 18900 03 03 13.0X10° | 13.42x10™

400 17100 18500 03 0.3 13.7%X10°° | 13.61X10°°

450 16700 18300 0.3 0.3 14.3x10°° | 13.81x10™

500 16400 17800 03 0.3 14.8X10°° | 13.97X10°®

550 16000 17200 03 0.3 15.2X10° | 14.11x10°

600 15600 0.3 155%10°

650 15300 03 15.8X10™

700 14900 0.3 16.0X10°°

750 14500 0.3 16.2X10°

800 14200 03 16.4X10°°

850 13800 03 16.5X10°

900 13400 03 16.8X10°°

950 13100 0.3 17.1X10°

1000 12700 0.3 17.6X10°
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Table 4.2 Chemical Composition

Stellite No.1016 Stellite No.6 MAR-M 247 SA-52
C 25 c N C |0.15 C_{0.05
Ni__|Bal(59) Ni__|Bal(57)
Cr |32 Cr 128 Cr {8.25 Cr |19
it | Co |Bal(45.5) Co |Bal(64) Co |10 Co |12
Mo 10.7 Mo |6
2| Fe <3 Fe I<8 Fe |05
Al {55 Al |2
2 B 10.015 B 10.005
Ti |1 Ti |3
|74 w117 W |4 W {10 w i
Zr 10.05
(wt%) Other 11.5Hf 3Ta

Table 4.3 Results of Vickers Hardness Test at 900°C [MHV 1kgf]

RE D ALER AT REZh LR 1%
MM247 299 242
SAS2 165 151
Hastelloy XR 68 77
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