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NJF ) LD & RS
£6Li+n—>T+He+4.8MeV }
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RENFT Sy b DEZEHH - DEMO2001

BEedLAH 230V
N——— 0.5 MW/m2
RRP ) (hax 1.0 MW/m2)
yd
3.5 MW/m? W% < Breeder bed layer
1 EI!'.:F_- = e Li.TiO
PIEF R (max 5 MW/m?2) > 2
F82H/Li>O/Be
M2} . . :
(F82H/Li2TiO3/Be12Ti)
HBEERIEK, 25 MPa ~ >
A AO:280°C, i A: 510°C ~
(HEINE: 41%)

s FARSTTaUIFELEWEREL TS,
- TS5RXTDLREALIRIFEFRELLLY,

JAERI-Tech 2001-078



BB T Sy kD E%EHH] — SIimCS

BrRaEh [295GW

REEAR | 0.5 MW/m?
(max 1.0 MW/m?)

hiEFEER T | 3 MW/m?
(max 5 MW/m?2)

#M# F82H/Li4Si04/Be/Bei2Ti
(F82H/Li2TiO3/Be/Be12Ti)

AEIEH HEERIK, 23 MPa
AH:290°C, £ 10: 360°C

ITEREFREEDTARASTLIVEED
CDZHEELTULVSAS, VDEIF&ELLLNE
RELTLS,

TS5 AYDEFEILRFHREL TS,

Replaceahle BLK

Pa.rrnanant BLK
and shield

K. Tobita, Nuclear Fusion 49 (2009) 075029
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TBR LIBIEFEB OHEEREDE R

L

| 1%
R BLK rib
| n . 3% \o
| Ports: 7.5 m?
| for CD, diag, fuelling, etc. 7.3%
BLK frame

. Ports
Dwert;‘)fr's% 1%

BLK gap

? | Divertor: 86 m?

7]

4

X \
~

Frame thickness: 18mm Gap: 5mm

g}

S

{ffi: Total TBR = local TBR X f{ & =&
1.05=1.38 x 0.759 5. 1.38H B 1E(E

Rib: 3.5% of BLK area Breeding.areg
| I / 1"!!%"'

BLK couerage -~ <
N
87.2% )

—_’

SlimCS ¥ 5+
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6LijEE B 30 90 30 90 30 (90 (30 |90
12RTADTBR 153 |1.56 |1.41 152 [1.24 [1.35 [1.35]1.43
MEKDIZFE 1.49
SIimCS#R 54
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Neutron and heat loading Blanket casin Cooling tube
“ Mixtures of Li, TiO; and Be,,Ti pebbles OB Blanket &

~ iFirst Wall

Cooling tube

\ 4
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Distance from first wall, cm
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@ Real Scale FW Mockup and Heat Flux Test

L 5

Coolant
Outlet

o yr Ak HE

e

Cross-section of First Wall

HHF tests in DATS facility

Peak Heat Flux: 0.5 MW/m?
Beam Duration: 30 s

Water Temperature: 300 °C
Water Pressure: 15 MPa

Flow Velocity: 2m/s

(2006) Fusion Technology

d  The mockup was high heat flux tested
with a heat load of 0.5 MW/m2, 30sec
for 80 cycles.
1 Neither hot spots nor thermal
degradation were observed.
1 Expected heat removal performance
was demonstrated.
30



@Fabrication of Breeder/Multiplier Pebble Bed Box
(2007) Fusion Teohnotegy

e R
1 1 1
SRRSO YT OO o g S R e
.

. 30 4p. B[} 60 o 70 el 00 me m

\ Breeder Pebble Bed

N

Coolant Header \Cooling tube box u28
1.5t, Tube OD=11¢, P15

Internal Structure
of TBM Breeder Pebble Bed Box

Thin plate — thin tube welding technique was established for fabrication
of internal structure of TBM by collaboration with Osaka University.

31



@ Fabrication of Real Scale Side Wall
(2008) Fusion Technolgy

- Real scale Side Wall was fabricated. Cooling channels were machined by
drilling.
-10 mm¢ x 1450 mm L cooling channels were formed within 1 mm accuracy

at the end of the drilled holes. 1700 mm L is available.

1 mm accuracy was achieved at the
end of 1.45 m depth drilled holes.

Welding test of 1/1 scale
FW/SW using thick
plates

10mm¢ x 1450mmL drilling

WCSB TBM Fabricated Side Wall

32



@ Fabrication of FW and SW Assembly Mockup

1/1 FW mockup (with cooling channels) and 1/1 SW mockups (with
cooling channels) were assembled by EB welding.

—> Distortion on FW side is less than 1mm, and distortion in hight is less
than 3mm. Welding soundness was inspected by UT.

- Welding technique and procedure, welding support were confirmed.

417.6  417.7 417.7 417.8
4177 4176 417.6 4183

TR - - |EB Welding Support 1489.2,
' ' 1488
FW/SW Assembly Mockup after
Assembling process on the welding |
‘N A

support 1490

\ 4

417.5
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mental Apparatus for Flow Assisted Corrosion of Structural
viaterial by High Temperature and Pressure W%W

- A disc of a test material is rotated in an
autoclave of high pressure and
temperature water.

- Test specimen of 100mm diameter disk is
rotated up to 2000 rpom. Equivalent
superficial velosity at the edge of the disk
is 10 m/s

- Water condition is available up to 340 °C
15MPa.

Flow Assisted Corrosion Experimental Apparatus™-F10W parameter is estimated by
by High Pressure and Temperature Water comparison between Flow Visualization
“ \Experiments and numerical simulation.

0 - Numerical Simulation
. -:'._"- = |
; =

Flow Visualization Experiments 34



@Development of Advanced Neutron Multiplier Pebble
f Beryllide synthesis process -Plasma sm%%%w

Additions of : Plasma Sintering
1) Pressure / Conditions \
2) Current
(for activation Raw material : Be & Ti powder
d heati
and heating) Powder purity : >99wt%

Powder size : <60um
Y Raw
(= ) material Sintering time  : 20min
/ powder
et Pressure : 50MPa
Punchand| | | Temperature : 1273K
Die unit \tj/ \ /

The plasma sintering direct sintering from material powder
- Enhancing powder particle activeness for sintering
- Reducing high temperature exposure

"




@iles and EPMA analysis for clarification of sintering temp.

— Fysion fechnotgy
300 ——
- [Sintering temperature: 1273K] O Be
§ o A Ti
T 2000 o ® De,Ti
[at 1273K] o ¢ A Be,Ti,
LE 1000+ ‘ @ » EEETj
B | ‘ ' ¢ || O e ® ®
0 ;L. ol J)”'P Hf’ 1801018 %0 5
10 20 60 80

20 (deg)

(1) It was shown that spark plasma sintering is applicable
for synthesis of Beryllides.

(2) By the experiments of sintering temperature effect on

Beryllides synthesis, It was clarified that sintering in 1273
K achieved largest fraction of Beryllides.

36




@ Development of Advanced Tritium Breeder Durable to
f Reduction in Hydrogen Atmosphere

J Development of Li, TiO5 with excess Li to improve the resistance
of reduction at high temperatures

Li, TiO,
without added Li

Blackened
White sample by reduction

(Li,TiO5)

Li, TiO; i No change

with added Li

Vs

@ The color of Li,TiO, changed from white to black in a hydrogen atmosphere at
high temperatures. This color-change corresponds to reduction of Li, TiO;.

\.

r

.

@ In the case of Li, TiO; with added Li, the color did not change, indicating that this
sample was not reduced in the hydrogen atmosphere.-> Chemical Stability

37



@Development of Pebble Fabrication Technology of
- . Li, TiO; with exc?es.s comp03|t|on of l?km oy
J Trial fabrication of pebbles of Li, TiO; with excess Li composition
by sol gel method

Raw material > Granulation > Sintering

LiOH+H,0 and H,TiO,

Diameter 1.18mm
Sphericity 1.04
pheres Density 89%T.D

Grain size 2 -
10 14 m

Li, TiO5 with excess Li

@ Li, TiO, with excess Li was synthesized from mixed LiOH*H,O and H,TiO,

@ Pebbles of Li, TiO, with excess Li was granulated by sol gel method from slurry.

Sol-gel method is applicable in pebble fabrication of Li, TiO; with excess

amount of Li. 38
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@ Experimental Setup for DT Neutron | @l ritum for Fusioni |
. . 4 EEREEN |
Recovery Online Experiment 2 zomongy

Li, TiO; Heater Concrete
Pebble Bed Wall (2m
(6Li 7.5%) ~ wthick)  MFC
R : 100cm3/min
R

Former Trap B¢ Block Aésembly .
Bottles for '\ /‘ Gas Cylinder
HTO (H,0 vHTO ‘"“"L DT Neutron Source  (He+tH, 1.04%)

100cm?/bottle) * bq (1.5 10"/n/sec)

EE CuO Bed (100g)
i = . For Oxidization of HTO . '
g(773K) ; Breeding material
""""""" Exhaust Container
Trap bottle change Gas
by remote handling | = rap Bottles
for DT neutron irradiation experiment
HTO (H,0 Breeder capsule arrangement

. 100cm’/bottle) . . .
Schematic view of the DT Neutron Tritium Recovery Online Experiment

* The neutron intensity was about 1.5 x 10! neutron/sec.
* The sweep gas He + H, 1.04% flow rate kept 100 standard cm3/min

» After the irradiation, water vapor fraction in the sweep gas line was measured with a
dew-point meter. It was an order of 1000 ppm.

e  Tritium concentration of 1 cm3 water of Trap Bottle was measured with a liquid
scintillation counter (LSC), which was calibrated with a standard HTO (50 Bg/cc)
sample within 2 % accuracy. 30



@ Experlmental Setup for DT Neutron [.THUUH'HI:II'FLIEI-I:IH.
w =

¢ scemific Resemch in Prinmity .*.r\emj

%,

Fy

Front View

ntainer position
pth point = 204)

'Source
: Position
|

{in millimeter)

Breeder Capsule Arrangement of the DT Neutron Tritium Recovery Online

The neutron intensity was about 1. 5Exx?8Hmneutron/sec

The sweep gas He + H, 1.04% flow rate kept 100 standard cm3/min

After the irradiation, water vapor fraction in the sweep gas line was measured with a
dew-point meter. It was an order of 1000 ppm.

Tritium concentration of 1 cm?3 water of Trap Bottle was measured with a liquid
scintillation counter (LSC), which was calibrated with a standard HTO (50 Bqg/cc)
sample within 2 % accuracy.

y Online Experiment ., zopongy

40
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@ Experimental Setup for DT Neutron | @l ritum for Fusioni |
. . 4 EEREEN |
Recovery Online Experiment 4, 2oy

Li, TiO, Heater Concrete e E B
Pebble Bed Wall 2m : :
(6L 7.5%) ™.  othick)  MFC o

o : 100¢m3/min ‘&
A B |

Former Trap ¢ Block Aésembly .
Bottles for '\ /‘ Gas Cylinder
HTO (H,0 vHTO ‘"“"L DT Neutron Source  (He+tH, 1.04%)

100cm?/bottle) * bq (1.5 10"/n/sec)

HE@ CuO Bed (100g)

. For Oxidization of HTO
Trap bottle change

£(773K)
by remote handling | =

Exhaust - o =2 4 A
Gas <tritium recovery ﬁ(
for DT neutron irradiation experiment

HTO (H,0 On-line tritium measurement setup
100cm?/bottle)

Schematic view of the DT Neutron Tritium Recovery Online Experiment

* The neutron intensity was about 1.5 x 10! neutron/sec.
* The sweep gas He + H, 1.04% flow rate kept 100 standard cm3/min

» After the irradiation, water vapor fraction in the sweep gas line was measured with a
dew-point meter. It was an order of 1000 ppm.

e  Tritium concentration of 1 cm3 water of Trap Bottle was measured with a liquid
scintillation counter (LSC), which was calibrated with a standard HTO (50 Bg/cc)
sample within 2 % accuracy. 4]



Result of DT Neutron

@ Tritium Recovery Online Experiment

¢ sceniific Resammeh in 'IIII'II" Are

|.Tl'll:lun'l1'ul' Fuslnn. |
£

Fusion Ww

The total radioactivity of recovered tritium was about 8.66 kBq with DT
neutron irradiation of 1.74 x 1015, Thus, the TRR was 7.11 x 10-'* Bq/g/DT
neutron (normalized in Li,TiO, weight and neutron flux). This is

equivalent to 96 % of neutronics analysis and tritium production rate data.
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(1) From neutronics evaluation test on
Tritium Production Rate with the same
configuration, 7.46 x 10-'* Bq/g/DT neutron
(experimental error 8 %) was observed. The
present tritium recovery ratio was 0.96 in
573 K.

(2) It was observed that the HTO was 90% of
total of recovered tritium. Also, release peak
of HT showed delay from the irradiation time.
Provably, due to the humidity contained in
the purge gas (about 1000 ppm). In future,
we will conduct an additional experiment with
a cold trap system (e.g. dry ice and/or
molecular sieve) in the sweep gas line.
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