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What is Radiation Induced Surface Activation?

~

1. Background and motivation

Road map
UV-light catalysis

2. Present studies of Radiation Induced Surface Activation
-- Thermo-hydraulic incidents caused by RISA --

1) Surface wettability in room temperature
2) Leidenfrost temperature

3) CHF in pool

4) Reactor experiments for CHF/RISA

\3. Mechanism behind RISA

\
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Power and Energy Lab.

Radiation-induced surface activation (RISA)

ISR R VAT

( )
- Catholic . : i
Oxidized . Catholic and anodic reactions by
Metal metal reaction . o o
cta surface irradiation of oxidized
0, + H,0 _ _ _
’ metal with radioactive rays.
Electron
e 40H™ Activating the surface and
e — . . -
A increasing surface wettability
Y - rays
= Improving heat transfer
;{
. S
e — ’ 2H,0
Thermal Science & Engineering
h* AH* + O, Vol.12, No.2, (2004).
Positive _
hol Anodic _
o€ reaction RISA reaCtlon

—Corrosion control
A%umed meChan|Sm beh|nd RISA Radiation measurement



Q TUMSAT Superhydrophilicity caused by v -ray

Power and Energy Lab.

Irradiation

Improvement of the critical heat flux (CHF) requires that
the cooling liquid can contact the heating surface, or a high-
wettability, highly hydrophilic heating surface, even if a
_vapor bubble layer is generated on the surface.

To solve these problems why don’'t we use y-ray irradiation ?
> Very low efficiency for surface activity

> discrepancy between its wave energy and the valence electron band
for TiO, and other metal oxides

First RISA study (2000-2002)

Takamasa, Hazuku, Mishima, Okamoto, Furuya
4 )

1. Improvement of surface wettability by use of an oxide-
coated material under a radiation environment.

2. Improvement of thermodynamic properties. 5
\ y




%C%%%ﬁarb 1) Surface Wettability

IN Room-Temperature (2000)

{ Two %Co y-ray facilities at the University of Tokyo and Kyoto

University (Radiation ray intensity: 0.1 — 20 kGy/hr)
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power and Energy Lab, Cyclic change of contact angle
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Changes of contact angle by y-ray irradiation
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Change of contact angle by y-ray irradiation Dimensionless contact angle of test pieces

Radiation Induced Surface Activation (RISA) exists when y-rays
irradiate the surface of metal oxides.
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Mirron
Micro syringe

N

Digital video camera

|

Lead/b ismut—ﬁ—

/’

Temperature controller

\

Insulator

\ Heater

Thermocouple

—

Test piece

2) Leidenfrost Temperature

0,

30

Apparatus for Leidenfrost temperature measurement

v
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SR LELeTl Droplet Behavior near Leidenfrost Condition

Titanium (300°C)
Before y-ray irradiation After 260KGy v -ray irradiation

Scene Trigger ISTART 1 Frame Scene Trigger [START 1 Frome
68 B1/18/15 15:57:22 +Bg@2379 71 B1/18/18 18:84:48 +882291

5] PLAY 38 .8 28 B PLAY Je. 8 1888 i1/1Z888

ID0 Status Play K ID Status Play Rec Shutter

Over wetting limit temperature | ‘ Under wetting limit temperature

g
Leidenfrost condition from the observation of wetting limit temperature.

Wetting limit temperature was defined as the maximum temperature of
heating surface when splashed droplets contact again with heating surface.
Takata et al., (1999)

.
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on wetting limit temperature (19.5 against contact angle
kGy/hr)

Enhancement of surface wettability contribute to the improvement of
Leidenfrost condition. 11




QA 7TUMSAT METI-RISA Project 2003-2007 (Japan)
Power and Energy Lab. Innovative Nuclear Technologies

Based on Radiation Induced Surface Activation (RISA)

The aim of this project is to get corrosion protection of structural materials in
BWR by lowering their corrosion potential and to increase critical power of
BWR fuel bundle and refloding velocity under LOCA events, resulting in
excellent BWR with higher cost performance and safety.

This project investigates basic technologies of the RISA such as film forming,
electrochemical dynamics, film durability in the reactor and improvement of

K heat transfer performance in reactor core in order to apply them to BWR.

KOBEI.EO Kobe Steel Limited

KOBE STEEL GHOUP Tokyo Univ. Marine Sci. & Tech.
University of Tokyo
Kyoto University
Japan Atomic Energy Agency

| National Maritime Research Institute
Central Research Institute of Electric Power Industry

Institute of Research and Innovation
TOSHIBA Toshiba Corporation
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Power and Energy Lab. b_ uenChIn Exerlment

@ Service tank < ~
2 Feed water pump
@ Flow meter

@ Control valve

® Stop valve

® Water inlet chamber
@ Heater '
Stainless rod (OD=24¢)
@ Quartz glass (ID=32¢)

Thermocouple
D Separate tank
D== £
Lo
/\V\ o
50°C X
e

()] % =

13
Apparatus for reflooding experiment

.

Thermal Science & Engineering
Vol.12, No.2, (2004).
Takamasa, Mishima, et al




Pt\ TL{I/LJSALTb Rod Surface Wettability Change due to
. y-ray Irradiation

Before irradiation

After irradiation / \

- Profile of integrated-irradiation
dose on the rod forms centered
peaked along the rod axis.

=. 600 [ Irradiation duration: 23.5 [Ih]
K Averageirradie}tion dlose: 3?,0.9 [IfGy] :

- Superhydrophilic condition of

¢ |

> on pees F0SLET

2 200 T ICl ICz IC3 IC4 ICS ICO oxidized metal surface can be

g 400 T i i : . i achieved after integrated

EP’OO [ A R irradiation dose of 300-500 kGy,

£ 200 | Y located at the rod center, z = 248

g 00 S mm (TC4) and 285 mm (TC5).

5 0t ua i . _

£ om0 93 A0 95 @9 e -Surface wettability of rod end is
Axial position from water inlet, z [mm] consistent before and after

\irradiation. Y

Contact condition of a water droplet on
stainlegs rod before and after y-ray irradiation
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Wall temperature/; fC]

1000

Typical Result of the Surface

Temperature Record

- Gap = 4.0 mm

900 Inlet water temp. = 5€T

800|
700 Fmm
600}
500]
400]
300]
200]
100]

15

[ Inlet water vel. = 41 [mm/s]

Before irradiation
After 23.5h irradiation

0 25 50

Time, £][s]

" _ _ )
- No discrepancy exists in
temperature records between
before and after irradiation at
TC1 and TC2 where no changed

wettability was observed.
= Reproducibility of the test

- Large increased quenching
velocity, 7.1 mm/s, was
observed at the middle elevation
of rod (TC3 and TC4) after y-ray
irradiation.

-The quenching velocities were
increased up to 20-30 % after
300kGy °Co vy-ray irradiation.

- J
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Test piece

Thermocouple

/CHF experiment: the pool boiling condition
The pressure: atmospheric pressure
(resulting in the boiling point to be 100 degree C)
The heating:  conducted using the Joule heating by DC supply
The test piece: hold horizontally on the electrode
To generate the oxidized surface, the test pieces \ere
oxidized using plasma jetting for 40 seconds.
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Power and Energy Lab.

@® Boiling heat transfer improved with surface wettability

® (Takmasa et.al. 2003)

Heat Flux

Change in Boiling Curve CHF in Pool Boiling
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Increase in WLT

.

v Critical Power Improved Increase in Safety Margin
_ Natural characteristics to confirm
v" Quench (front) speed increased

v’ Past experiments in NSRR & Halden suggest the possibility
Page 17



QA TUMSAT

Power and Energy Lab.

4) React
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- Pressure : 1.5 MPa
Neutron flux : max.; 4.0x1018/m?/s
o L RISA exp.; 1.0x1017/m?/s )

or experiments for CHF/RISA
2005

Japan Materials Testing Reactor (JMTR)
JAEA
Reactor type . Light water moderation
Thermal power : 50 MW
Primary coolant
Inlet temp. : 322K
Outlet temp. : 329 K
Flow rate  : 6000 m3/h

~

core

primary coolant {E<8i
outlet pipe __--ﬁfﬁ :

o An outermost irradiation hole Wi||\
be used in the core to minimize
gamma-ray heating ratio.

e Absorbed dose is 100 times larger
than that in the previ&us
. experiments. y
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v'CHF increased by 17%6 due
to irradiation in IMTR

vCHF appeared
quality conditions

at high

v'CHF mechanism would be
dryout-type similar to that
iIn BWR core

- v
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QA TUMSAT 3. Mechanism behind RISA

Power and Energy Lab.
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QA TUMSAT Analysis by AFM (Atomic Force

Power and Energy Lab.

Microscope) and FFM (Friction FM)

(D) SRS IS > THELBRKIEIZHFE I SMELEDRE

Substrate; Zircaloy-4
Oxide layer; by autoclave
Irradiation; No irradiation
Measurement; at r.t. in air
Contact angle; 77 deg.

Substrate; Zircaloy-4
Oxide layer; by autoclave
Irradiation; 340 kGy
Measurement; at r.t. in air
Contact angle; 12 deg.

AFM image FFM image

: -:. —
. -.u....;..

White spots
[ are observed

22
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/§WC%%%‘L; Wettability of ZrO, surface at AFM scale

Force curve
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@ Surface friction force of the Zircaloy samples increases by

gamma ray irradiation.

Substrate; Zircaloy-4
Oxide layer; by autoclave
Irradiation; No irradiation
Measurement; at r.t. in air
Contact angle; 77 deg.

Substrate; Zircaloy-4 ,
Oxide layer; by autoclave * 'Ir}' I |I E‘A" IMW i
Irradiation; 340 kGy - ik _
Measurement; at r.t. in air | [§iy'8 J| |” ' I i , '
Contact angle; 12 deg. : WII |.'f ||II

';“ll

LETTTY

|
;'L
)

[m]

Substrate; SUS304

Oxide layer; heated in air

Irradiation; No irradiation

Measurement; at r.t. in air
Contact angle; 95 deg.

Substrate; SUS304

Oxide layer; heated in air
Irradiation; No irradiation |
Measurement; at r.t. in air
Contact angle; 39 deg.

ot 8y [ Width between upper line and lower line
corresponds to magnitude of surface friction ¥brce.
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Power and Energy Lab. Surface Wettability
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Power and Energy Lab.
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