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Abstract

A two regon gaphite moderated molten salt thermal breeder
reactor with a gaphite separator between fu eland blanket flu ids
will requ ire a gaphite-to-metal seal between the core and the
blanket regons . One method of sealing is to form a frozen salt
seal separating the fu eland blanket salts. This report describes
a freeze seal between an Inconel header and a 5 inch diameter
gaphite (ty pe S-4 cru cible. Molten salt was circu latedpast the
seal at 119D DF for 24 hou rs with a differential pressu re of 18 psi
across the seal. Heat was remov ed from the seal at a rate of
approx imately 45 KW by passing water throu gh a coil brazed to the
ou tside metal wall of the seal. Wo salt leakage was detected past
the seal
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Introdu ction

This report describes a frozen salt, metal-to-gaphite joint and gv es
the resu Its of two tests. This ty pe of joint is proposed as a method of
prev enting leakage between the breeder blanket salt and fu elbearing salt
in a gaphite moderated, two regon molten salt thermal breeder reactor.

The tests were performed in a circu lating molten salt sy stemwith a
gaphite cru cibleand a gaphite bay onet tu be to simu late a u nit fu el
tu be constru ctionl config: ration of a molten salt thermal breeder reactor.

Two conditions of seal differential pressu re (AP) were tested: (a) with
back-u p @s pressu re to limit AP to within 0*5 psi, and (b) with an 18 psi
AP across the seal.
Description of Test Apparatu s

The test piece is shown in cross section in Fig 1. The dimensions
of the gaphite cru cibleare 5 in. diameter and 12 in. deep with 3/ in.
wall. The cru cible was machined from a molded block of ty pe S-4 gaphite 2
orignally 3 feet in diameter and 1 foot thick.

The gaphite cru cible is su pported in the flanged pot by a lav a
insu lator. The u pper flange contains the inlet and ou tletlines, a fill
line, ex ternal cooling coils, and seal annulus A 1/16 in. g@p 1is main-
tained arou nd the ou tside diameter of the gaphite by set screws) Ju st
inside of the gaphite cru cible, opposite the seal area, is a 3 in. diameter
metallic skirt which ex tends slightly below the lev elof the frozen seal
area, as shown in Fig 1. This skirt serv es as a thermal barrier between
the flowing stream of high temperatu re molten salt and the seal anmu lu s.
Cooling for the formation and maintenance of the seal is prov ided by copper

tu bing coils brazed to the ou tside wall.
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A catch basin is mou nted directly beneath the seal to retain any
salt leakage for observ ation. The sheet metal basin is attached to the
gaphite cru cibleby v eiling to a metal hoop closely fitted in the
circu mferential groove around the crucible. A port is prov ided abov e
this catch basin throu gh which observ ations can be made withou t disassembly
of the test. A borescope can be inserted for ex amination of the seal
mou th and catch basin after the test has been cooled to room temperatu re.

The flanges are bolted and sealed with an asbestos gasket to main-
tain an inert atmosphere arou nd the gaphite du ring the filling and
operation of the test.

As the molten salt is dischargegd from the ppmp into the test piece
it is condu cted throu gh a /A in. OD gaphite tu be ex tending the entire
lengh of the chamber. The gaphite tu be is positioned with slip fit
sockets at either end to simu late a u nit fu el tu be config: ration"" and
otherwise has no direct bearing on the condu ction of the test.

The salt flow is down throu gh the center gaphite tu beand u pward
throu gh the gaphite cru cible to the test piece ou tlet. The salt seal
is formed initially du ring the filling when molten salt spills ov er the
rim of the gaphite cru cible into the annu lu snex t to the cooled wall.
When the salt freezes in the annu lu sand forms a seal, the filling is con-
tinu ed u ntil circu lation is established and normal operating lev elis
attained in the pump

The au x iliaryequ ipment is shown in Fig 2. The test piece is shown
at the right comnnected to the pump which is located at the u pper left. The
i1l and drain tank, shown at the lower left, is connected to the test
piece throu gh a frozen plu g v alv.e This photogaph shows the loop prior

to insu lation and pn mp installation. The loop tu bing and punmp are
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fabricated of Inconel. The ppmp usedis a centrifu gal model LFB?T (shown
in Fig 3).

All heating of the loop piping and pimp bowl is accomplished with
calrod heaters. The test piece is heated from the ou tside of the flangd
pot with ceramic clam shell ty pe heaters, as shown in Fig 1.

Heliu m is su pplied to the ppomp drain tank, and to the flangsd pot
throu gh separate control v alv es. The loop and test piece are filled by
apply ing heliu mpressu re at the drain tank. Draining is accomplished
by the application of heliu mpressu re to the pump surg tank and forcing
the salt from the test piece into the drain tank.

Condu ction of the Tests

The first test was to determine whether or not the frozen joint
cou ldbe su ccessfu llyestablished with no seal AP. The entire loop and
test piece were preheated to abov e the melting point of the salt to be
u sed. Salt composition 30 (NaF-ZrF*-UF®, 90-46-4 mole $ with a melting
point of 978 F was u sedbecau se of less hazard inv olv edin handling a
non-bery lliu mbearing salt. Its melting temperatu re is close to that of
bery lliu nbearing salts4 contemplated for u se in a molten salt reactor.

No special preparation, other than that gv en in the manu factu re
of ty pe S-4 gaphite, 2 was gv en the cru ciblebefore operation of the
test. The gaphite was installed as receiv edfrom machining A positiv e
pressu re heliu mblanket was maintained in the loop and arou nd the ou tside
of the gaphite cru ciblewhile preheat was applied and du ring the filling
operation. A heliu m atmosphere was maintained arou nd the cru cible and

at the molten salt free su rface in the pno mp du ring operation.
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Aprox imately 0.1 gm of water was circu latedthrou gh the coil to
cool the seal area du ring preheat prev iou sto the first test. As the
loop was filled, the cooling water was increased to 0-9 gm. When the
frozen plu g v alv ewas established in the loop fill line, the pump speed
was increased to establish circu lationof salt throu gh the loop and test
piece.

The ppmp speed was increased gadu ally up to 2000 rpm while the
regi lated heliu mpressu re to the flanggdd pot was also increased to match
the calcu latedpmp head at that speed. The calcu lated internal salt
pressu re at the seal was 9°5 psig at this pump speed and the heliu mback-
u p pressu re was maintained between 9>0 and 10.0 psig

Conditions of the first test as shown in Table I were maintained for
4 hou rsbefore the loop was drained and allowed to cool for inspection.
A borescope inspection was made throu gh the inspection port to determine
that there was no salt leakage past the seal to the catch basin. Also,
the absence of HF odor, which is characteristic of salt leaks, in the
heliu mv ented from the flanggd metal pot confirmed that there was no salt
leakage below the catch basin.

The same start-u p procedu re was u sed for the second test u ntil the
loop was filled and salt circu lationwas established. The frozen salt
formed in the seal annu lu s du ring the first test was maintained in the
solid state by cooling du ring the filling operation for the second test»
In effect the same frozen seal was u sed for both tests.

For the second test the ppmp speed was increased to 3 00 @pm, which
increased the calcu latedpressu re at the seal to 13-2 feet of flu idor
19 psig The heliu mpressu re in the flangsd pot was held between 1.0 to

1.5 psig gving a seal AP of from 17°5 to 18.0 psi.
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Sev eral hou rs after the start of the second test there were indications
of salt leakage into the flanged pot>. These indications were a blinking
low lev elprobe in the pump surg chamber and the odor of KF in the g@s
v ented from the flanged pot. Operation was continu ed, howev er, at the
conditions gv en in Table I, Test No. 2, for a period of 24 hou rs.

After the loop was drained and cooled the test piece was cu tfrom
the loop and the pot remov ed from arou nd the gaphite cru cible for
inspection. There was no salt in the catch basin u nder the seal nor was
there any indication of salt leakage past the seal. As shown in Fig 4
ex tru sionof salt occu rred throu gh the wall of the gaphite cru cible.

The leakage took place throu gh the gaphite in the area below that cov ered
by the internal skirt. An estimated 20 cu. in. of salt was ex tru dedthrou gh
the pores of the gaphite ov eran internal su rface area of approx imately

70 sq.in. or a rate of abou t0*3 i1/ sq.in. of su rfaceper day.

The test piece shell was cu tju stabov e the rim of the gaphite
cru cible as shown in Fig 3 'Hie frozen salt shown on the inside su rface
of the gaphite container indicates that cooling rate u sed in maintaining
the seal was ex cessiv e. The 3/16 in. thick lay er of salt ex tends 5 1/2 in.
into the gaphite container to occu py the entire anmu lu sbetween the skirt
and the imner su rface of the gaphite cru cible. The 1/16 in. ou ter seal
anmu lu sand u pper rim of gaphite cru ciblemay be seen where part of the salt
has been chipped away .

Conclu sions

It has been demonstrated that a frozen salt, metal-to-gaphite joint

is feasible. From the amount of frozen salt seen in Fig 5 in the internal

annu lu s it is conclu ded that the cooling rate was ex cessiv eand cou ldbe

3%

06



_7-

considerably reduced for a seal of this configuration. Further tests
should he conducted to determine limitations of seal AP and heat removal
rate. Since the first two tests indicated that the limiting factor is
the penetration of the graphite by the salt and not the seal under test,
a less porous type should be used in future testing of joints.
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Appendix A

National Carbon Company
Div ision of Union Carbide Corporation
Niagara Works, Niagara Falls, N.Y.
April 6, 19 60

Mr. A. S. Olson

Oak Ridge National Laboratory
Union Carbide Nu clear Company
P.0. Box Y

Oak Ridg, Tennessee

Dear Mr. Olson:

Mr. Janes has referred y ourletter to me regrding y ou rmrequ est for
phy sical properties of lov permeability gades S-4 and RLM-2d  MS-4n was
a temporary designation for a gade which is now known as R-0025  The
ty pical properties of these gades are as follows:

R-0025 RLM-24
W. Gr. A. Gr. W. Gr. A. Gr.

Density, gr/cc " 1.90 1.85
Sp. Resistance, ohm cm x 10 1200 190 700 (1000)
Thermal Conductive BTU/ft*/£ft/OF 65 % 95 (60)
Tensile Strength, psi 3000 29 00 2200
Flexural Strength, psi 4000 3900 3400
Compress Strength, psi 8600 8000 9 000
Mod. of“Blaotst. 1.90 1.9 1.95
CTE, 10%“6/°C 2.4 2.9 1.5 (3-5)
Admittance, cm*/sec N* x 10 3 2 __ )

W. Gr.and A. Gr. = with and aginst the gain.
Figir res in parenthesis are estimated since stock in form of tu bes.

We hope that the above supplies you with the information you need. If
not, please let us know

Very tru lyy ou rs,
/s/ R. L. Mansfield
Produ ctand Process Dev elopment Laboratory

R.L. Mansfield
blj
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11.

12.

13-

14.

15-

9.

TABLE 1

Operating Conditions Du ring Graphite Joint Tests 1 and 2

Test #
Av g Loop Temperature, F 1110
Salt Inlet to Test Piece Temperatu re, °F 1127
Salt Ou tlet From Test Piece Temperatu re, °F 1112
Graphite Cru cible Temperatu re, Bottom, °F 1137
Metal Su rface Temperatu re Abov e Rim of s )

Graphite Cru cible, F

Mfetal Su rface Temperatu re Arou nd Seal Anmu lu s, °F 116

Cooling Water AT, °F 21
Cooling Water Rate, gm 096
Heat Remov al Rate of Cooling Water, KW 205
Pump Speed, RPM 2000
Aprox imate Salt Flow Rate, gm 2
Calcu lated Salt Pressu re at Seal, psig 9-5
Regar lated Heliu m Pressu re to Flangsd Pot, psig 9-1
Frozen Salt, Graphite to Metal Seal AP, psi 0.4
Lengh of Operation, hou rs "5

Test #2

4o
115
4o
1190

648

127
28

1.1

45

3000

18.0

24
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Figr re 1. Frozen Salt Metal to Graphite Joint.
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Figi re 3. Centrifu @l Model LFB Pu mp
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Figire 5 Ammu li of Frozen Salt Internal and Ex ternalto Graphite Cru cible.
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