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Development of Pellet Melting Temperature measurement apparatus

Katsuya HARADA, Yasuharu NISHINO, Naoaki MITA and Hidetoshi AMANO

Department of Hot Laboratories
Tokal Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 22, 2000)

In the extended fuel burn-up project of the light water reactor (LWR), the irradiation
behavior of high burn-up fuels should be clarified. Data accumulation of thermal properties
such as melting point of LWR fuel pellets is quite urgent from the view point of safety
evaluation in the normal operation and accident conditions.

In the department of Hot Laboratories, several apparatuses have been developed for
investigating the irradiation behavior of high burn-up fuels under the consignment of the
Science and Technology Agency since 1990. The pellet Melting Temperature measurement
apparatus was developed as one of them

This paper describes outline and characteristec test of the apparatus, and measurements
of melting point by using unirradiated and irradiated U0, pellets.

Keywords : LWR Fuel, Post Irradiation Examination, High Burn-up
Irradiation Behavior, Thermophysical Property
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Table 1 Main Specification of Pellet Melting Temperature measurement apparatus

Main Unit

Method

Thermal Arrest Technique (Tungsten Capsule)

Heating Furnace

High Frequency induction Heating

Max. Temperature

3000°C

Temp. Measurement

Fiberglass Two-color Pyrometer

Measuring Range

1500°C~3100°C

Atomosphere Vacuum(<1.3 X 10"Pa)
Tungsten Capsule Welding Machine

Atomosphere Helium Gas

Welding Gap 1mm

Preheating Current 40A

Welding Current 70A

Turning Speed 1.6 rpm

Hor Cell t

HF Heating Furnace
T 1

.. Current

~ " Transformer _ __[_

1 Operating Room

Ar Gas

_ _HF Cable

Data Processing Unit

] B s IV | [*
‘** SR Cooling Unit 2
Cooling Water . r——}
Tworcolor Pyrométer T { Two-color Pyrqmc{cr Detector ue?:r]mollcr
(Light Collector) r | l } y‘%onc 7
perglass P T
£ ﬁ i 1 !
= REY i
Basement
Cooling Water
-
Cooling Unit 1

Fig.1

Coolong Water

Block Diagram of Pellet Melting Temperature measurement apparatus
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) Top Flange
P
L 7]
Heat Radiation Shield | ' . [ Quartz Glass
W-Capsule H
i W i
Electrode ! HF Work Coil
L [} U
Cooling Water‘_% h ’1 =
e 4=
’ | ——-W-Capsule
He
Shutter H Heat Radiation Shield \Susceplor
_— TN
Bottom Flange .—.!-! u\_—_—]
i3 T 3 i 1
- =

I Tungsten Capsule
L Vacuum Pump

Fig.2 Heating System of Pellet Melting Temperature measurement apparatus

e =)
o =4
= »
g ©
Gl =]
— Opcration lamp
1600
P A o LY o
0
i N
@ I\Power breaker
] n 800 o
=
B
Main Flow Meter
@ Power Transformer =
Oa -
@J @M 0 i
{

Fig.3 Output Control Unit of Pellet Melting Temperature measurement apparatus
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n
Liquid Surface Level

n
Loguid Surface Level

Liquid Surface Level Meter Liquid Surfae Level Meter
1%]

Flowmeter
Solenoid Valve

Flow Valve Flow Valve

| MEpes
1! iC
]
|
1

1600

L 0

Flowmeter dg!

P
)

1
T

Flowmeter Check window

1600

1200 1000

Fig.4 Cooling Unit of Pellet Melting Temperature measurement apparatus

40 L/min " wF Heating Furnace

o

14620 keal/h

Cooling Uni[t 2 ™
v
N1 <] Hot Cell
Operating Room  XPwin
o 8OKY SI INV
Clean Water ot NS Basement

20 L/min 4300 kcal/h

General Drainage

Cooling Unit 1 P . Pump
CY : Opposite Stop Valve
$Y © Flectromagnetic Valve
FS © Flow Rate Switch

FM . Flowmeter

TS @ Temperatsre Switch

TH © Thermometer

Fig.5 Cooling System of Pellet Melting Temperature measurement apparatus
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®

No. Name rﬁg//
1 Susceptor
2 Bottomn Shutter ]
3 Compression Air Type
Beliows Vaive Lf
+
4 Chamber Lﬂ-—_‘ﬂ- f
5 Charmber Operation
“hani 4+,
Mechanism H
o
6 Moleculer Pump =
7 Rotary Pump -

|
c

760~850 ’

1500

777 1000

Fig.6 Vacuum Part of Pellet Melting Temperature measurement apparatus

Ar Gas Inlet

Wi
=
LVZTL

HF Heating Fumnace

m=)

‘e
V!T

Lv4

TCGT VS

ik

I

i}—> Ar Gas Exhaust

RP : Rotary Pump

TMP: Turbo Molecular Pump

IG © lonizaton Vacuum Gauge
TCG: Thermocouple Vacuum Gauge
LV : Leak Valve

SLY: Slow Leak Valve

V§ © Vacuum Switch

CV : Opposite Stop Valve

RY : Compression Air Type Valve

THP

Fig.7 Vacuum System of Pellet Melting temperature measurement apparatus
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6155 fos
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¥
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Fig.8 Tungsten Capsule

HF Inverter

Power Input Over Current (AC)
SI Over Current (DC)
Temp. of Cooling Water (Thermo SW)

Door Interlock
Fusc Failurc | Sequencer Link Unit H PC |

Data Processing Unit

Cooling Unit 1
(Basement) Operating Unit

Cooling Water Flow Down (No.1)
.

Vacuum Controller

RP Malfunction
TMP Malfunction
Vacuum Malfunction
Compression Air Decrease

Sequencer

[ Cooling Unit 2
(Operating Room)
Cooling Water Flow Down (No.2)

HF Heating Furnace [@

Cooling Water Flow Down (No.3)
Cooling Water Temp. Over Heat
Surface of Heating Furnace Over Heat
Ar Gas Pressure Decrease

Emergency Stop SW

[ Two-color Pyrometer !

Specimen Over Heat

Fig.9 Alarm System of Pellet Melting Temperature measurement apparatus
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Fig.10 Effect of Internal Pressure on Melting Points
by Using Welded and Un-welded Capsules.
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Control Voltage (mV)

Fig.11 Control Voltage - Temperature Curve of Heating Test
(Heating Test of Tungsten Capsule)
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1st Run

Time (100sec/div)

12 Melting Temperature Measurement Result of Al203 Sample (Heating Curve)

?nd Run

Time (100sec/div)

Fig.13 Melting Temperature Measurement Result of Al203 Sample (Cooling Curve)
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2350

3100

3050

3000

2950

2900

2850

Time (200sec/div)

Fig.14 Melting Temperature Measurement Results of Mo Sample

3041°C

Time (100sec/div)

Fig.15 Melting Temperature Measurement Result of Ta Sample
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Sample Purity(%) Literature(°C) | Measurement(°C)
3500 1 Mo A 99.95 2620 2646
Ta H 99.95 2997 3041

w
[l
(]
o

Literature Data (°C)

™
3
o

2000
2000 2500

3000 3500
Measurement Data (°C)

Calibration Equation : Calibration Temperature = 0.95 X Measurement Data + 94.6

Fig. 16 Temperature Calibration curve for Molybdem and Tantalum Specimens
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Fig.17 Melting Temperature Measurement Result of Un-irradiated UO2 Pellet
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Fig.18 Melting Temperature Measurement Result of Irradiated UO2 Pellet (Burnup : 30GWd/t)
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Fig.19 Melting Temperature Measurement Result of Irradiated UO2 Pellet (Burnup : 45GWd/t)
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— -~ —-=Tungsten Capsule Method (Sea!ing) e e e e

@ H.Hausner

Filament Method

&,

R.E.LattalQ/u:2.00)
S, Yamanouchi
LY
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B Current Examination
3000 @ W.LLyon
R.E.Lattal0/V 11,75
2900 |- T
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Fig.20 Melting Temperature of Irradiated and Un-irradiated UO2 Pellet

Photo 1 Light Collector for Temperature Measurement

23
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oto 2 Tungsten Capsule Welding Machine

Bottom

Photo 3 Condition of Tungsten Capsule After Welding
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Photo 4 Standard Specimen

1

Photo 5 UO; Pellet
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