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Inert-Atmosphere Glovebox for Handling Plutonium Carbide Fuel

Susumu FUKUSHIMA, Tatsuo SASAYAMA, Yasubumi SUZUKI
and Hitoshi WATANARE

Division of Nuclear Fuel Research, Tokai, JAERI

(Received February 5, 1974)

An inert-atmosphere glovebox for handling uranium-plutonium
mixed carbide fuel was designed and constracted. It consists of
the stainless-steel box with four pairs of glove ports and a
vacuum airlock, an inert gas purifier, a gas circulation system,
oxygen and water vapor measuring devices, an automatic pressure-
control system, and a safety-alarm system. The apparatus is
maintained at negative pressure to prevent the leakage of plutonium.
Purity of argon gas depends on leakage of the glovebox and also
performance of the purifier. The design leakage is smaller than
1 lusec; a nickel catalyst bed and a Molecular Sieves bed are
used to remove oxygen and moisture, respectively. The oxygen and
water vapor concentrations in the inert atmosphere are held at
1 ppm at a circulation rate of 20 box-volumes/hr. The gas pressure

in the glovebox is controlled at -30+20 mmAq during normal operatiom.
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Catalyst bed

Molecular sieve bed

Heat insulator
Thermocouple sheath
Sheathed nichrome heater

Sheathed nichrome heater
Outer vessell (2509 x 560 mm)

Inlet pipe
Outlet pipe
Purification
Regeneration

Fig. 3 The gas purification tower
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DRAFT FEED GAS DRAFT

]
VAC.P.
< == vas
1|v33 Aval

n

Vo

V5t

b e
o0 2t |

To Oy

OQ

BLOVE Box

PURIFIER No.1

CIRCULATING
PUMP

PURIFIER No.2

RH.Ne.2 TI T2 RH. Ne.l

© O 6 O

PROGRAM TIMER TI

-
PRESS. CONT. VAC. PUMP CIRCULATIP?N

NEGA. ON ON

- OFF

® ®
OFF OFF

POSI.

No.1

PURIFICATION

Fig. 6 Graphic pannel of the flow sheet for the glovebox system



JAERI-M 5599

3. P e M M
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HAROYEAMGO AL TS & (CRE, 7y RELUKDPOMTEHLAESTOATH
Bo £, KGBOEEERBCHT L EBA S 20 B BHE SRR, KAHKDNTE K
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fmao%CfoBf@mufmaﬂﬁ%momfﬁwﬁﬁﬁxwﬁLTM5ﬂm%a%w
THCEL L YEEAESOEHIESBRE I N, |
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gasanalyzer) (E-LEBEER) &RRINA, HERENR ff:rFlg.? {@ﬂ‘é:ﬂﬁl ol
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ST £ HED LR AT, CRERNE A RS G BAA X MRIECERINTADO
7, BEBEBEAEME L SRS LT RADICH L+ 5 3 » 7 5T O 2 5 7 B
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EBSDEBL LN, FD Y — 2 BT 1%10 " lusee EHEIAL, O L5 CHIREE
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SHAWERAZO 2 0OMMET (G B K RWAE L UFREIN O ) I ERRE S5 (Di-
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Eﬁj_ﬁﬁ?&ﬁinAW AT ORI R EATO N ARIHE T No. 1 T
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Fig. 11 50712 OERET Ar #2830 @Rfss 5.6m° /hr) L FEHOE MY
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HEAE 1 00 g, AVBEEMES (M) 2@ B A 1%, =x% 7/ 75—718% L0
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Table 3 Oxygen leak rates of the glovebox with

various kinds of zloves

l
| Leak rate ! Temperature
(3love material i .
ppy/min lusec ! e
: 0.051 (M) - 090 ' 235
Neoprene .
0.071 (O 1.26 25
0.037 (M) 0.66 24
Butyl rubber
0034 (C) 0.6 0 25
Hypalon coated
0.041 (M) 0.7 3 21
Neoprene
The volume of the glovebox : 1l.4m?®
(M) [ Measured
() : Calculated from the permeability of glove
Table 4 Oxygen and water coneentrations of argon

gas at the inlet and outlet of the purifier

under circulation flow

Impurity concentration, ppm
Air leak rate of £
Inlet {utlet

~glovebox,ce/min ” - :
' O, Hz0 (s Hz ()
180 76 6 <0.1 0.7
380 160 11.5 <0.1 0.7
500 ' 210 i6 <0.1 0.7

* Oxygen and water concentrations of argon gas are calculated

from the air leak rate of the glovebox,




Table 5
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Hypalon coated Necoprene gloves

Nitrogen leak rate of the glovebox with

Leak rate ﬁ Temperature
ppm hr lusec i T
Measured 272 0.80 ~25
Caleulated from the
oxygen leak rate of 9.25 2.73
glovebox shown in Fig.9
Calculated from the ,
permeahility of glove 257 : i 070 29
L.4m?

The volume of the glovebox

Table .6 Pressure change in the.giovabox according
to the glove ftailure
Pressure in P1 control ON=QOFF
Ifailure
glove box, mmAq valve stroke,% | valve
Non —30 0i01lose) Close
10mm length split . —30 0 Close
20mm length spli£ —30 8 Close
8mm¢ hole —30 45~50 Close
16mm¢ hole —26~—30 38~75 Close
18mm$ hole —~26. 98 Close
22xm¢ hole —18 100 Open) Close
18mm% and 22mmé¢ holes —15 100 (pen
20mm¢ and 22mm¢ holes — 8 100 ‘Open
17wm¢ , 20mm¢ and 2 2mmé
- 2 ‘100 Open
holes ‘
1 7ram¢ , 1 7mmé , 2 Omme and -
0 100 (men
22mm¢ holes
No glove n" 100 Open

« ['low rate is 36m/min at the glove port.

=29
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Comparison between ceramic oxygen analyzer and trace
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SHAW HYGROMETER, °C

Comparison between SHAW hygrometer and dew-point meter
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| TC; + LCo . .
( s -;_ + 1. ) Flow vate at et (1D
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| Fig. 13 Perfect mixing of gases in the glovebox under

once-through and circulation flow

5301~ 206" 1 400 1 400 | 400 1200]

1 1 ! ! !

03~05
1 ! 1 _ Io.2~o.3]Q:-——

Fig. 14 - Distribution of the gas velocity in the glovebox
under circulation flow at 30 m®/hr, obtained by the

anemometer{m/sec) and fluttering of the floss-silk
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PRESSURE IN GLOVE BOX, mm Ag
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Fig. 17
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PRESSURE IN GLOVE BOX, mmAg
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Pressure changes in the glovebox according to (a) pulling

out and (b) pushing in of a pair of gloves (volume = ~328)

IN GLOVE BOX

PRESSURE

The supplied pressure

of argon
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Pressure changes in the gldvebox according to a glove
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Fig. 19 Pressure changes in the glovebox during (a) no glove
handling and (b) glove handling of a pair of gloves
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Fig. 20 Pressure changes in the glovebox according to the

interuption of electric current for 30 seconds, when the
raw argon gas is supplied at pressure of {(a) 1.0 kg/em*
and (b) 0.5 kg/em®
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Table 8 The primary specification of the gloveboxes

Tt em

Specified value

Impurity in argon ogas

® Outlet of purifier

Oxygen 0.1 ppm
Water (Dew-point) —76C
0Oil vapour Non
Organic solvent vapour Non
@ In glovebox

Oxygen 2 ppm
Water {(Dew-point) —70C
il vapour Trace
Organic solvent vapour Trace

Effective saturation capacity of purifier
Oxygen About 454
Water About 50/

|Circulation rate through gloveboxes

More tham 90m? hr

Pressuwre in glovebox

Suet ion pressure of circulatien pump

—30££20mmAg

Tiess than —1000mmAq

leakage
(I Glovebox

@& Other systems

Less than 1 lusec

less than 10—21usec
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