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Fig.41=(1-x¥3V.S. Dissolution Time
(Mo:Re:Ru:Bh:Pd=20:30:30:10:10at%, 2 pm)
o:Mo, o:Re, X:Ru, ¢: Rh,A Rd, v:total

4—5



PNC TN8100 94—004

Tadle | Dissolution rate constant ¥
Alloy K (mgrem~2en-") Bissolution [nvestigator
composition {at %) condition,

Ho  Re Ru Rh Pd Mo Ra Ru Rh Pd total particle size

a0 20 20 ¥O_ 0P .. W0l _gx107i* &xi107d 3x1azl _axiat _axin-  3M, 2um  _ This study.

40 -— 40 10 10 2%x10°¢ — 5Xi0°%  3X16°Y -S5x10°¢ 3x10°%  3H, 2pmm Hatsui et af.!

50 — 40 10 10 X107 —  3x10°¢ ex10°Y myott 3wi0~Y 3N, Tpm Hatsul et al.!
2030 30 1010 Ix107%__4x30°%  Sx107) _2x30:% _1u0c? 1x10°2  3M, 2um. .. This_study_

0 — &0 10 10 9%10" % — 6X107%  SxE0°% M107F  2i0°f 3, 4um Hatsui et al.l
.29 - 56 e 12 9x10"3 - 4x10-3 -— 1%xio-4 axio7¢ 3K, 0.4pm Matsui et al.?
9 — 39 — 12 %1074 —_ §%10°4 —_ 2104 9xto-t 8M, 0.4um  Matsui et al.?
29 — 59 — q2 x107? — Ly1g74 — X107 1x10°*  BHM, 0.Tpm  Matsui et aji.?
35 — 35 1% 15 1®18°Y T4, bloeck  Kleykamp?

16 " — &% 13 13 %1072  7H, block  Kleykamp?

32,2 —  &3.3 13.1 1104 &x10-3 M, {20um  Geckeis et al.?
7.8 — 36.7 6.3 9.2 - 2x10°3 M, €20um  Geckeis et al.!

* dissolution time, 6 - 12 h

{1] T.Hatsui, M.Ohkawa, R.Sasaki and X.Haito, J. Nucl. Mater., 184 {1993) 3.

(2] T.Hatsui, T.Yamamoto and K.Naito, J. Nuel. Mater., 174 (1990} 16.

[3] H.Kieykamp, J. Nuecl. Mater., 171 {1990} i8I,

{4] H.Geckeis, W.Neumann and W.Muller, J. Radioanal. 2nd Nucl. Chem. 132 {1591} 199.
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Ru (Et)4NI/15/CH50H ND ND ND
Rh (Et)4NVio/CH30H tr tr tr
Pd* (Et)4NI/15/CH30OH 7.7ppm  150ppm  22.7 ppm**
Ru ND ND ND
EDD/I/GHZ0H Rh tr tr tr
12 53 Pd 0.2ppm tr tr
TR ST ND D
(Et)4NVIo/CHOH  Rh tr tr tr
Pd 1.4ppm tr 1r
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Ru 6.8 l2,/HI 431(32%) 270(20%)

Rh 18.3 HI 379(11%)  641(19%)  210(6%)
Rh 22.9 12,/ HI 739(20%)  857(23%) 1910(51%)
51 Ru 880(28%) 1420(45%)
K%ﬁ%ﬁiﬁ 29.9 12,/ HI Rh 11(2.5%) 30(6.8%)
Pd 32(4.1%) 30(3.8%)

BERE - mg/l

HI:59% . lp/HI : 59%HIAKE&RIC I, % 0. 1mol/IZR
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Ru 395 20.8
19.1 74.9
2.5 i J
Pd 15.5 46.4
Mo 17.3 28.5
Ru 81.8 425
Rh 19.5 76.5
5.0 '
Pd 16.0 47.9
Mo 34.6 56.9
Ru 115.8 60.2
Rh 25.2 98.9
12.0
Pd 19.2 57.6
Mo 60.3 99.1
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Tablet. __.Comp'OSition of Insoluble residue and Simulated solution

Composition

| Insoluble"_rééi_dqe (Wit%) Simulated solution (mg/l)

Fission Products N
' 6~10

P d 50

Rh 1~7 20

R u 30~50 —

M o 10~20 20

T ¢ 2~3 —

(Pb) | 4000

Actinides

U Oz | 4 —

PuO:2 | 0.03~0.02 SR
Others

- 26 N

Fe,Zr,Cr
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Fusion Reactions - |

NIFS

@

D + T - 4He (3.52MeV) + n (14.06MeV)

D + D - 3He (0.82MeV) + n (2.45MeV)
D + D =T (1.01MeV) + p (3.03MeV)

D + 3He = 4He (3.67MeV) + p (14.67MeV)

(1)

(2)
(3)

(4
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Bremsstrahjung Spectrg
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- Bremsstrahlung radiation spectra
data points given in reference of
S. Maxon, Phys. Rev. A, 5(1972)
1630, and the best-fit curve.
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“Radiation Ionization Energy” €;(eV)
defined as the average energy

. ' 18 T T 1 T T j{
required to form one electron-hole som |
pair in semiconductor materials: V4

1a b v ALPHAS @ i
o ELECTRONS O

8i — CO 88 —|— Cl L s PHOTONS ‘{f@/ |

where Cj and C; are constants,

experimentally obtained 'as 14/5
and 0.5 - 1.0 (eV), respectively.
These are independent from the
form of energy source, that is,

applicable all to alpha particles, i
electrons, and photons. e

BAND GAP ENERGY {eV}

E=(8/B)E rthu) T
0.5 5 rifiwg) <10V

RADIATION IOMIZATION ENERGY (eV)

From C.A. Klein, Jour. Appl. Phys. 39(1968)2029.

700—¥6 O0T8NL ONd



S1-21

NIFS @

Production rate [V c; of electron-hole pairs:

where T].: ratio of available surface area to the vacuum
chamber wall, nw: transparency of photons through the first

wall, T]m: efficiency of deposition -of photon energy on the
semiconductors. Produced electric power for a simple battery

is given as follows:

Pse — - VeN@h
mnsnwnmei(E /8)/(CO+C1/8)
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Efficiency of direct current production by photons in the
semiconductor 1is given as:

nsem — nsnwnm(Ev/gg)/(Co +C1 / 88)

The above electron-hole pairs can be used for electrolySIS of
water. The production rate of hydrogen gas is given as:

Niya =eNen/ (2F)

where [ is Faraday constant (9.65X104 C/mol).
The expected power by burning the hydrogen gas (with
oxygen gas) as fuel becomes:

where AHf is the enthalpy change by burning hydrogen gas
(285.8 kJ/mol at 298 K).
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Then, the efficiency nhyd of direct hydrogen production by
photons in the semiconductor is given as:

nhyd :Phb /P’y :nsnwnmAHf /(2F81)
Then, we get the ratio Rhs’ ,

Rhs = nhyd / Nsem = AHf /(ZFEV)
=1.48/ E,(eV)

Two cases of the above efficiency are given in Table.
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Table Efficiency of hydrogen production.

Assumed Meaning of
Symbol Values |
/ Unit |[Case|Case Symbol
A B
gg /ey | 3.0 | 1.5 Band Gap Energy
0.5 | 0.7 Normalized
EV /88 Available Voltage
n 0.85]0.85 [Ratio of Available
S | |Surface Area
n' 0.90[0.90 [Transparency of
W 1st Wall
Efficiency of
n 0.49 |0.80 |Photon Energy on
m the Deposition of
Semiconductors
Symbol |Calculated Meaning of
/ Unit Values Symbol
| Efficiency of
M. - 10.10]0.14 |Direct Current
Sem . Production by
Photons in the
Semiconductor
- |Efficiency of
n '- 0.06(0.18 |Direct Hydrogen
hyd Production by
Photons
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Basic Configuration of Direct NI L~
Hydrogen Production System NIFS @

Diaphragm
Be / BeCu

Water

Ceramic
Pipe (Si 3N4)

Electrode

Semiconductor

H, Gas

Semipermeable
Membrane

Vacuum Chamber Wall

Plasma
: Shield
/ Vacuum

Pipe for H 2 Production
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Py =PyNpyq + Py (L -Npyg) Ny
=Pynt+ Py Npyg (1-0p)
Py=Pyny

Py /Py = (N, + Ny (1N} /1,

. P /Py=1+02(1/04-1)=13
at Py /Py =0.52
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Thermoelectric Conversion

Thermoelectric and thermogalvanomagnetic effects in
the presence of temperature gradient and magnetic
field.

Generalized Ohm’s law and heat flux density equation:
E=J/0+SVT +RzBxJ+NBXVT
g=STY— kYT + NTBX J+ LBX VT

where E: electric field, J: current density, ¢: heat flux
density, ‘o: electrical conductivity, S: thermoelectric
coefficient, Rp: Hall coefficient, N: Nernst coefficient,
x: thermal conductivity, and L: Right-Leduc
coefficient.
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Efficiency of Thermoelectric and Nernst Effect

NIFS @&

Effic.iency
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- Thermal Stress Analysis

Dout

Qo= 2.0 (MW /m2)

Ceramic
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Table Characteristics of Si3N4 ceramic

Physical Unit Value
property ) G |
Thermal |W/ mmK | 2.93x10-2
conductivity .
Specificheat | W/kgK | 5.02 x 102
Specific kg/ mm3 3.2x10-6
gravity ‘
Flexural kg / mm?2 1.0 x 102
strength at 310 -1070 K
Young’s kg / mm?2 3.1x10-4
modulus |
Poisson’s - 2.7 x10-1
ratio |
Coefficient of 2.5x 10-6
linear 1/K at 310 - 670 K
expansion .
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Coolant Temp 413 K at inlet, 443 K at outlet

| TINESTEE - TiBE 7257 g
ATUFE - HAu ["‘“ Al MAL BCS LT 625%

625 17
564 52
503 88
443 23
382 59
321 94

26l 30

200 65

Temperature Distribution of Ceramic Pipe
D=50mm,t=5mm 40 01

CALTF THERMAL ANALYS1S
%OADCAS% TINESTEP 65 TIME I0 HERHAL
EMPERATURE - HAG MIN: 140 00 MAX H1.77 4428

441 77
404.04
366 32
328.60
290.88

"253.16

215. 44

i71.72

Temperature Distribution of Ceramic Pipe
D =50 mm, t=25mm 140.00
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LaALUASE |
FERHE OF PEF GLOBA SHELL
A PR e 30.3 kg /fn?

TRESCA Stress (D=s0

D = 50 mm, t = 5 mm (P=50. t =5mm)

cA S5 ANALTSIS

LPAREMOE e oLomaL o SHELL
ErPas RX MIN°thoa HAX 17.95 180 Kamyi

TRESCA Stress

D =50 mm, t=2.5mm (D=50, t =2.5mm)
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SURFALE b

|
i

30 31

21 0%

23 18

el b3

1727

14 00

10 74

T 48

9 22

SURFACE TOF
17 35

11.96

9 87

1.97

5 98

3.38

1.88
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Table Summary of heat and stress analysis results of the pipe
made of Si3N4. The direction of the heat flux is taken into
account. The heat flux qo from the plasma is assumed as 2
MW / m2. The thermal load qtp on the pipe surface is then qip

= (o sin O , where O is angular coordinate of the pipe,

Temperature (K) | Temperature (K)| Maximum Lresca
Pipe Size Fluid Heat Flux Side |Opposite to Heat ( kg / mm?2)
(mm) Velocity ~Flux
Dia- |Thick-| (m /s) | Outer | Inner | Outer | Inner |Thermal] Internal
meter | ness Surface| Surface|Surface | Surface| Stress |Pressure
Case 1 |
50 5 | 2.30 1122 750 | 573 573 | 35.1 2.7
50 2.5 1.82 947 768 573 573 22.8 5.4
25 5 4.91 1059 661 576 574 30.2 1.2
25 2.5 3.68 859 673 573 573 17.5 2.4
Case Il
50 S 3.04 898 525 413 413 30.3 0.14
50 2.5 2.40 715 538 413 413 18.0 0.29
25 5 -10.8 857 456 415 415 27.1 0.05
25 2.5 6.08 658 | 475 413 413 14.6 0.13
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Power Flow in ARTEMIS-L Having 1 GW Electricity Output _M IFS @

Reactor

P, = 1757 MW

Radiation [ t
br=

— Proton

Direct Electron-Hole Pair Production
“Nigem= 0.18

A CEN T ITORNNNRENED

Thermoelectric Effects 0.22

P, =526 MW

P.;, = 563 MW

Gas

TWDEC np =0.76
197 MW

coec _ln &*ﬁ e

Mo =0.65 g

Phet =
1000 MW
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The total conversion efficiency 7], . is given as:

out

T]mr — PtOl‘al /Pf

where

total _
Pout - T]pPp + 776}3(:}1 T nhydpbr T

nt{(]‘_ T]hyd)Pbr +(1- nc)Pch +Psy +Pn}
Pr=P,+P,+P, +P, +P,

When np= 0..76, TIC = 065, nhyd = 0.18,
M, = 022032 = 7], = 0.59-0.64.
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(13) FEFHE = FIHE U A HHE
&K BKEBERICOWT

(F23EEr=EmER)
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FEAREHRARE ¢ SRR REREN

. - AR IRt
2B omp  mmER ®EX ’ SFE  SEME RN
CH30H  NaHCOj3

1. TiO2/Ru 259 475ml  10ml  —

2. ZrOp 25 475ml —_ 84 60
g g Co 20cm 4385

3. Zt02  25g 475ml 10mi  84g 43kCi (1-06>F§;h0§3
r

4. 500m!|

TiOo/Ru : RufB#aii (TiOoBE A& ICRUCI3 - nHoO& B RF L T
AR ERA. RUETIOMH FLICKMHEELDBO)

KEBETE (V)

vV KBRRERE [mi/hr]

_E 22400 o
V= I3 . PSY; E: 1BER Y DIBINT XL ¥ — [ev]
4 4 Eg: N R¥ v v 7 [ev]

Ny 7HRA RO

E=D-n-W+ a M

D: IBEHEE3E [R/hr]
n: BARERKY  BHEELVOETFOEREREE[1/R - ]
W: ZROWI(E [ev]
M: HREE [g]

a @ IRIIRE D FEIEHRE a

(Z1A) a3
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HEERARARE ¢ RIRAEERER

KERER o BESFEEESE  kE K=
M1 ) RER REEE
(53) kE BE OTE  (m) (mi/h)

mhiE  EBKAORINY

206 20.0 0.77 584 795 23.2

i CH30H -
TiO2/Ru 3 226 156 1.04 638 839 223

206 125 045 3.41 45.7 13.3

7tOo  NaHCO3-+CH30H
oz NarbbeTers 006 9.07 069 389 37.1 9.9

ZrOo NaHCO3 226 219 577 19.97 113 3.0

206 0.12 0.72 347 0.4 0.1

BRTHOKEERDGIE
KEREER = 4z
' =% %2 EFINE, n
wE EEk~ommm ~ Tom  FFE o
46.1 . 576
‘ CH30OH 16.71)

TiOo/Ru 3 443 e
Zr0 NaHCO3+ H 272 16.71 163
rOo aHCO3-T+CH30 500 ) i1
ZrO2 NaHCO3 6.12 16.71) 36.6

— — 0.01 0.462)

1) 100/2Eg=16.7
2) J.W.T.Spinks, R.J.Woods (1967)
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