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The f e a s i b i l i t y  of these j o i n t s  f a r  use in a barge a c a k  molten 
salt systen is dis@ussad, 

Design c r i t e r i a  and operating techniques are described, 

B4easure;aents have been made of the leakage rates of' helium 
tkcaugh the Joint,s ,, The effects  of thermal cycling, atmospheric 
oxidation, salt ~ ~ r r o s f o n ,  and thberrnaL stresses have been noted, 
Bisasse.nb.l.y and reassembbg. procedures are descsibed 



_ _  __ LEGAL NOTICE- - 

T h i s  report was prepared as an account of Government sponsored work. 

nor the Commission, nor ony person act ing on behal f  of the Commission: 

A. Makes any worronty or representation, express or implied, w i t h  respect t o  the  accuracy, 

completeness, or use fu lmss  of t he  informotion contoined in th i s  report, LX that the use o f  

any informotion, apporatus, m t h o d ,  or process d isc losed in th i s  report mey nor infr inge 

pr ivate ly  owned r ights; M 

Assumes any l i ab i l i t i es  w i t h  respect  t o  t h o  use of, or fo t  domiges resul t ing from the use o f  

any informotion, apparatus, method, or process d isc losed in th i s  report. 

As used in the above, "person act ing on behalf of the Commission' '  includes any employee or 

contractor of the Commission to  the extent that  such crnployoe or contractor  prepares, hondles 

or distr ibutes, or provides acccss to, any information pursuant t o  h i s  employrrsnt or contract 
wi th  the Commission. 

Neither the Uni ted States, 

B. 

. ...- ... ...... .. .. . . .. . 
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UNCLA SSlFlED 

O R N L - L R - D W G  27895 

f-GAP (“>%6 in.) 
--SOFT- IRON OR COPPER SEAL RING 

----AIR CHANNEL FOR COOL.ING 

FROZEN -SALT SEAL 

WELD OF FLANGE TO LOOP TUBING 

RING INSERT TO PROVIDE LABYRIN 
FOR SALT LEAKAGE 

FROZEN-SALT SEAL 

NARROW SECTION TO REDUCE HEAT 
TRANSFER FROM THE MOLTEN SALT 

IN THE LOOP TUBING 

INCHES 

AIR INLET TO COOLING CHANNEL 

RXXXI BETWEEN FLANGE FACES INDICATE REGION OF FROZEN -SALT 
SEAL; EZZ3 INDICATES REGION O F  TRANSITION FROM LIQUID 

TO SOLID SALT 

Fig. 1. Cross Section of  Freeze Flange Joint. 

TH 
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UNCL ASS1 F E D  
PHOTO 30204 

*a . * 
. ,  
L R 

Fig. 2. Freeze Flanges Installed in lnconel Test Loop. 
(1) Air  Cooling Lines (2 places); (2) Calrod Heaters (1 place); (3) Toggle Clamp ( 1  place); 

(4) Support for Flange (1 place); (5) Clam Shell Heater (1 place); (6) Hy-Temp lnsula- 
tion (1 place) 
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force t o  maintain the gas leakage rate below the maxLmum allowed. 

Fig. 2 shows the  assembled flanges with clam shel l  type heaters, 

located on the loop tubing immediately before and after each flange as- 

sembly. Referring t o  the figure, the various p a r t s  are as follows: 

(1) A i r  cooling l ines,  ( 2 )  Calrod heaters leads, (3) wick-open toggle 

clamps, (4) Thennocouple leads, (5) Clam shell heaters, (69 Insulation, 

There w e r e  no heaters nor was there any insulation on the flange 

assmblies ., 

The flanges w e r e  made of Inconel. The seal rings for the first 

test were of stainlesa steel. 

neded  cogper seal rings w e r e  used, 

In  subsequent tes t s ,  sof t  iron and an- 

3.3 Indented S e a l  Joint 

This mechanical joint  i s  i l lus t ra ted  i n  Fig. 3* A dead-soft an- 

nealed metal gasket i s  used t o  seal the two flange halves. A raised 

too%h of TI-shaped cross section, machined on the face of each flange, 

indents the f lat  m e t a l  gasket t o  provide a tight gas seal. Actual 

p a r t s  ape shown i n  Figs, 4 and 5. 

A th in  cmss section between the flange hub and gasket, near the 

outer edge ~f the flange, presents a small  cross sectional area fo r  mdial 

b a t  conduction, 

On. the test installation, four standard design "C" clamps were used 

on each flange assembly t o  ppovide the force necessary t o  indent the 

gasket and maintain a @;as leakage rate below the nwdmum allowed. 

&sws etla assembly with clamps. 

Fig. 6 

The flanges were made of Inconel. For the first test, a dead-soft 

annealed copper gasket was used i n  one flange assembly, and an annealed 
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UNCLASSIFIED 
PHOTO 30662 

INCHES 

Fig. 4. Assembly of Indented Seal Flange Before Testing. 
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UNCLASSIFIED 
PHOTO 31519 

Fig. 6. Indented Seal Flange Shown Assembled with "e" Clamps. 
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Amcs ima gasket i n  the other assembly. For the second test, an an- 

nealed Nickel "A" gasket wa.8 used i n  one assembly and a nickel-plated 

Amm iron gasket i n  the other assembly. 

3.4 @a& Seal  Joint 

A c r o ~ s  section of' %his mechanical joint  i s  shown i n  F i g .  T o .  Four 

stainless steel bolts provide the mechanical strength for the joint ,  A 

m e t a l  insert, shown i n  the figure before being fhsed, is used t o  provide 

a salt a d  gas seal.. The m e t a l  inser t  is flrssd between the flange faces 

before the test loop is  f i l l e d  with salt. 

is  above t h a t  of the fie1 salt, is i n  the solid state durlng opepation 

The seal whose melting point 

Qf the test lO0p. 

The sealing surfaces on the flange faces ape flash copper plated, 
1 and %laan nickel plated, t o  pmmote good wetting by the sealing alloy. 

Because of" its geometry, t h i s  joint  must be installed i n  a vertical  

xT4.n of pipe. 

The test flanges w e r e  made of Inconel. A cast s i lver  seal w&s used 

i n  one flange assembly, while an alloy of 72$ s i lver  asd 2% copper was 

used in the other flange assembly. 

An assembly of the flange is  shown i n  Fig. 8, 

The T e s t  Loop 

TBs $est loop consisted of 25 fee t  of" one-half inch 0. De, 0.045 

inch w a l l  thickness, Inconel tubing arranged as shown in Ffg, 9, The 

i variavas prts are identified as follows: (10) Location ~f flanges under 

test, (u) C ~ J P O ~  heaters -ma with stainless steel strip, (12) clam 
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UNCLASSIFIED 
O R N  L- L R -  D W G  31972 

SEE FIG. 13. FOR DIAGRAM OF INCONEL LOOP 

FLANGE WITH SILVER INSERT: 

'R 
TCNO. 19, 20 ,  21, 22 

ALLOY INSERT: 

INCHES 

Fig. 7. Cast Seal Flange Showing a Cross Sect ion View and Thermocouple  Locat ions .  



a 

A 

I 

Fig. 8. Assembly of Cast Seal Flanges. 
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shell heaters, (13) Unistmt frame, (14) LFB pump, (15) "By-temp" in- 

sulation 

The molten salt mixture was circula%ed by means of an WB-type 

centrifugal pump. W i n g  tests 1 and 2 ,  on the freeze flanges, two 

straight eections of the loop, each abmt nine feet long, were used 

as resistance heaters. A heavy e u m n t  was passed %hrough the tubing 

sec%ions. Other sections of the loop were heated wlth calrod or clam 

shel l  heaters, 

salt 0 

The ent i re  1QOP was preheated, prior t o  f i l l i n g  with 

Tes ta  3 and 4 on the freeze flanges were  conducted i n  a new 

location where resistance heating was not available, and the ent i re  

loop and pump were  heated by means of c a l m d  and clam shell  heaters. 

A sump tank, connected t o  the  point of lowest elemtion i n  the 

loop, was used t o  f i l l  and drain the  loop of molten salt. The LIB 

lpumg, installed a t  the highest point i n  the loop also served as a surge 

tank, The pump was supplied with an o i l  lubricating system. A helium 

supply was connected to the loop for initial purging of air before 

heating. 

w%th msl%elra salt. 

are shown i n  Fig. 10 and are identified as follows: 

( 2 )  Pumg motor and clutch, (3) Salt  rsump, (4) Water cooled o i l  storage 

tank, ( 5 )  Lubricating o i l  pumps , (6) H e l i u m  supply regulators , (7) H e l i u m  

bubbler, (8) Hel ium pressure gauges, (9) Lubricating o i l  flowmeter. 

It b~zbs also used t o  pmssuspize the sumrp fop f i l l i n g  the loop 

The vapious compQaa63l%es,at the pump end 0% the loop 

(1) LPB pump, 

Sa l t  flow i n  the loop m s  controlled by a trariabls a p e d  magnetic- 

type clutch and induction motor. V-belts connected the mtor and clutch 

t o  the IJ?B pump. 
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UNCL ASS1 FI ED 
PHOTO 31360 

Fig. 10. lnconel Test Loop - Pump End. 
(1) LFB Pump (1 place); (2) Pump Motor and Clutch (1 place); (3) Salt Sump (1 place); 
(4) Water Cooled Oil Storage Tank ( 1  place); (5) Lube Oil Pumps (1 place); (6) He 

Supply Regulator (1 place); (7) He Bubbler (1 place); (8) He Pressure Gages ( 1  
place); (9) Lube Oil Flowmeter (1 place). 
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AU. components of the loop in contact with the molten s a t  were 

fabricated of Inconel. 

The loop design was similar t o  a "standard" design 

in the Experimental Engineering Department f ~ r  their corrosion tasting 

program, 

stad, also of rcstandaFd'r design, made of Wnistmt. 

The entire loop, including the pump, was mounted on a test 

The stad W&bs 

stations, such as the weld shop d X-ray mom. 

AU. w e l d s  in contact with the molten s d t  were given a dye check 

asd X-ray examination according to departmental specifications f o r  

cPftieal welds. The Inconel tubing used in the loop hait received a 

Twenty the~~locouples were spot welded to the l o p  tubing md ;pumg, 

per Dwgo NQ, s~-cm-1623. Additional themcouples w e r e  attached to 

Precaution8 were taken during construction to use clean %ubing 

aad prts9 and espcidly t o  avoid eontamination. of' the inside of the 

tubing a9d pump. 
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F RE E z E - 
( A X I S  1 Llll 

F L A N G E  "--e A 

i 
S A L T  F L O W  

1 

3 

I 

U N C L A S S I F I E D  
O R N L - L R - D W G  34973 

ANGE B 

+-------. HEATER CONNECTION LUG 

e- I OOP I I JB ING-  I N C O N F I  
& - i n  0 D x 0.045- in W A I  1- 

S A L T  PUMP 

4- 

SA1.T F L O W  

Flg 1 1  S c h e m a t i c  Draw ing  of Test  I.-oop for F reeze  F lange Tes ts  1 o n d  2 
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UNCLASSIFIED 
O R N L - L R  - D W G  2 7 8 9 7 R  

---FLANGE B - SALT FLOW 

NOTE: 
SEE FIG. 1 I . F O R  D I A G R A M  
OF INCONEL LOOP. 

Fig. 12. Schematic Drawing of Thermocouple Locations on 
the Freeze Flanges for Tests 1 and 2. 
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t h e  flange faces to produce a better f i n . i &  on the seal r ing grooves e 

A achzmtic diagram 0% the Incone1 loop PQF Tea t s  3 nrad bc is ~ h o w  

in Fig. 1.3. Fluoride salt, Fuel. No, p2 WB used in these t e s t s ,  The 

t e m p e x w t ~ ~ e s  were measured at tbe points indica.t;ed in pig. 14,  

flow PAte was, again, 2 gpn, 

The sal% 

Du.rirxg Tes; No. 3 the  salt temperature -as cycled 50 t i m e s  between 

1100°F mid lWO"F, During Test 

No. 14 the temperature variation of  the salt was from 1100 La 1W0"F and 

back to l100"F; the number ~f cycles vas 25, and the average cycle t i m e  

The average cycle time was 60 minutes. 

TnTas 62 minutes . 
Aft;ar the thermal cycling tests 

from tke loor) for Leak testing. 

om flange assembly WE. reassembled using a new copper seal. r ing-  

assembly was a e i n  leak tested,  

both flange assemblies were remtxmd 

Both assemblies v%e dtsassembled and 

This 
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UNCLASSIFIED 
O R N L - L R -  DWG 34974 

FR EEZ E - FLANGE JOINTS /i, /FLANGE B 

( A X I S  HORIZONTAL 1 I:.-- ---- 

FL 

SEALED 
JOINT ADDITION 

CAST- M E TA L - 
FLANGE 
TO LOOP 

I \  
"\ I '\ 

i ? \  
i---- 
I 
I 

HEATER SECTION I ,CLAM SHELLS 

LOOP TUBING - INCONEL a 1 &-  in. OD, 0.045-in. WALL 

, 

SALT PUMP 
1 .... ..... 

SALT FLOW 

Fig. 13. Schematic Drawing of Test Loop for Freeze Flange T2sts 3 and 4 
and Cast Seal Flange Tests 1 and 2 . 
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U N C L A S S I F I E D  
O R N L - L R - D W C  3!975 

-SALT F L O W  

NOTE' 
SEE FIG.13 FOR D I A G R A M  
OF INCONEL LOOP. 

Fig. 14. Schematic Drawing of Thermocouple Locations on the 
Freeze Flanges forTests 3 and 4. 
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Stainlees steel rods were tack welded t e a  the flanges t o  pull them a p r t ,  

while the a e d s  were i n  t h e  molten state. 

is shorn i n  Fig, 15. 

A diagram of t h i s  appsratus 

%ha $02 halves of each af the two flange assemblies were thomughly 

cdeaned by placing than in a hydrogen furnace at lgOO'F f o r  about two 

hours. The bottom halves of both assemblies were given a s u p x f i c i a l  

cleaning using a brush am3 8, vacuum cleaner, 

flanges represen% those parts of the mechanical joints which could not; be 

removed from a reactor system for  cleaning and would have t o  be cleaned re- 

The bottom halves af the 

motely e 

Both flange assemblies were then reassembled using spring-loaded t i e  

 rod^ t o  apply the necessary force %o push the flange halves together. 

diagram of %his apparatus i s  shown in. Fig. 16e 

used. ammd each assembly t o  m e l t  the  cast  s e a s  during the reassembly 

A 

The special furnaces were 

opemtion 1, 

Bo%h flmge assemblies were rernoved from the loop and sectioned for 

netallurgical examirmtion. This work was done by the Metallurgy Division, 

(See Appendix 5 f o r  their  report.) 

4,3 Inaentea seal ~oint 

Two sets ~f flanges were assembled with metal gwkets prior to in- 

a%tzllaticxa €n the loop. 

The clamps were each tightened wi.Gla a torque of 80 - 90 foot pounds. 

Load on each gasket was a~mximate ly12 ,000  pounds per inch of gasket 

circuanfPerence, 

Cetec%oro 

~ h . 0 ~  in F S ~ S .  p =ti 17. 

Four "C" clamps were used on each flange assembly. 

The 

Fheh flange assembly was Leak tested using a helium leak 

Both assemblies were then welded into one end of the Loop as 
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UNCLASSIFIED 
0 A N L- 1.R- D W G  31 9 76 

T A C K  WELD IN SEVERAL PLACES 

........... 4 
/--- 

/ 

I ........ 

t/4-in. D IA  INCONEL RODS ( T W O )  T 

T A C K  WELD RODS TO FLANGE AND ADAPTE 
(AT L E A S T  G T A C K  WELDS ON E A C H  ROD) 

’/q--in. D IA  INCONEL RODS ( T W O )  

WELD R O D S  TO PLATE: 

‘/4-in. INCONEL PLATE,  8 x 8 in. 

......... <-- FLOOR L E V E L  

R 

Fig. 15. Ske tch  of  Extension Rods for Disassembly of Cast Sea l  F langes 
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I /  I /  

I 1  
I 1  I I  
I I  I [  

UNCLASSIFIED 
ORNL-LR-DWG 31977 

; I /  --3/4-in.-SCH 80 STAINLESS STEEL PIPE 

-M,--5/~-in.-DlA BAR 316 STAINLESS STEEL 24-in. LONG 

-COMPRESSION SPRING, STEEL I - in .  OD X 2-in. LONG 

r I I '  I 

CAST S E A L  
FLANGE 

ASSE M B LY 

4 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 

-- 

Fig. 16. Sketch of Spring-Loaded Tie Rods for Reassembly of Cast Seal Flanges. 



UNCL ASS1Flf.D 
O R N L - L R - D W G  34978 

INDENTATION SEAL F 
( A X I S  HORIZON1 

.LANGES 
- A L  1 

FLAPJGE 

SAILT F1 

INDENTATION SEAL FLANGES 
( A X  I S H 0 R I ZONTA L ) 

ti E AT E R CON NECTl ON I.. U G 

---- LOOP TUBING-INCONEL, 

SAILT FLOW 

SALT PUMP 

-- 

SALT FL.OW 

F ig.  17. Schematic Drawing o f  Test Loop fo r  I nden ted  Sea l  F-lange Tests 1 a n d  2 .  
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 he loop W ~ B  then placed in opmtinn. for thermal cycle testing as de- 

scribed i n  Section 4.1 

the points indicated in Fig. 3 .  Fluoride salt, Fuel ?Toe xs was circulated 
in the loop s-t a f l o w  rate 0% 2 p. 

times between 1lOQ'F and 19O0F, 

l ,hring Test No, 1 tempmtures were measured at 

The sal% temppatun? wa.s cycled 50 

minutes. The average cycle time was 

9jCsth 2 1 W e  assemblies were removed.frQm the loop after Test NQ. 1 for 

leak testing, Subaequen.t;lyb.9 the assemblies we= separated and reassembled 

The flanges were %hen. re - ins tUed in the loop for Test skeabso 

No. 2, 

During this test, k;emperatums were measured at  the points indicated in 

Fig. 18, 

of cycles was yo ma the average cycle time was 61 minutes. 

The sal% tempmtupe was cycled between 1100 and 1.3QO°Fo The amber 

Again, the flangek.; were removed from the loop for leak testing a d  ais- 

assembly, 8ae of %he flange assemblies WAS reassembled with 8 new gasket and 

then tested. 
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Table $so. 2 

21 
22 F l a g e  

23 

24 

25 
26 Flange 

27 
28 

13 
14 Flange 

15  
16 

17 
18 Flange 

19 
20 

A 

A 

B 

B 

16 
16 

6,14 , 20 
16 

10 

16 
16 
16 

6 
16 
16 

16 
16 
16 
16 

10,16 

1.018 

760 
577 
280 

820 

580 
4-03 
240 

957 
685 
447 
220 

865 

590 

362 

a 5  

339 50 

33050 
16 
50 . 

4 
4 

50 
4 

33 
41 
41 
37 

2 

2 

50 

50 

21,24 

9 
9 

30 
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by this themocouse were 2k5 a.na 28Q"F, respectively. 

tape.mture variation, a t  thi6 point during thermal cycling, was 35°F. 
~ h u s ,  the  greatest 

"%he low m a x i m  %empmture,  and the slight variations i n  tempem- 

tu= encom%esed i n  the region ob" %he fastenings and seal ring during 

thermal cycling, are desirable features of the freeze flange Joint. 

at their m a x L m  values. The corresponding salt tempmture waa 1300"F, 

The mximwl such t a p m t u n  difference obtained fer any of the t e s t s  was 

817T 

"re above emfles  are t y@ca l  of the freeze flange o p m t i o n ,  Corn- 

plet,e &%a for a l l  te&a is  presented. i n  graghical form, 

barge and a n U  temperature variation e a  be seen t o  follow the above 

description. Gxaphs ~;hswing ternpmtuarpes of the %Laages tbrou&~u% the 

per2sd.s of t h e m 1  cycling are included i n  Appendix 2 ,  

The points o f  

Gas beakage mtes far Tests No. 2 an& 2 were not satisfactory,  This 

wad at t r ibuted to defbcts introduced duarhg the i n i t i a l  fabrica%ion of the 

flanges. 

machining had bean. completed, which caused a slight mrping. 

Some welding was pwfIxmed. rn the flanges af te r  a l l  of" the 

In  addition, 

vere remedied by additioml machining. Subsequent leakage rates were sat- 

Tea% 4, A5 can be seen from the data, there was an appreciable increase i n  
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the leak mts after testing., 

f lange assemblies fo l loamg the cycling tests, af%r disassembly and re- 

assembly with a new ccappr sea l  sing. 

~c/~eeosad, sad wuccessf"dly m e t  the specification l i s t e d  i n  section 3 .I, 

A th i rd  leak rate wzb$ obtained 8n one of t'ne 

-8 This leak m%e was 2,O x 1 0  

P=%rnPk ( f l .  
The floage assemblies were  heated, OF CQolad between mom tempemtare 

&ad, the opra tkag  t e m p s t -  of l j O O O F  a t  least e l g h t  times i n  the prepit-- 

ration f o r  thermal cycling  test^, %he rata of cooling and heating was at  

least 258'$ per hQU, 

Both flange8 operated successfully i n  that tbere was no indication 
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UNCLASSIFIED 
PHOTO 31393 

INCHES 

Fig. 20. Copper Seal Ring from Small Freeze Flange After Test 4. 
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Fig. 21 . Freeze Flange Showing Formation of Frozen Salt Seal. 
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Fig. 22. Freeze Flanges Installed in Test Loop After Disassembly of the Flanges. Photo 
showing both flanges disassembled. 

(1 )  Air Cooling Inlet (4 places); (2) Resistance Heater Leads (2 places); (3) Calrod Heater 
(1 place); (4) Thermocouple Leads (2 places); (5) Clam Shell Heaters (2 places) 
(6) Seal Ring (2 places) 
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Fig. 23. Freeze Flange After Removal of Salt Seal from Face of Fla nge. 
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Th? time necessary f o r  the handling operations of disassembly and 

reassembly i s  indicated i n  Table 1. Ease and speed of handling were de- 

monstrated> indicating that the freeze flange joint  i s  potentially suited 

t o  remote manipulation, Other tests are i n  progress t o  demonstrate remote 

handling of this  type of joint .  

5.2 Cast Seal Joint 

The maximumand minimum temperature of various locations on the 

flanges during thermal cycling are  listed, f o r  Tests 1 and 2, i n  Table 5. 

Examination of Table 5 shows that the temperature variation, during 

therma.l cycling, i s  nearly the s m e  f o r  a thermocouple located i n  a w e l l  

near the  cast seal  as it is  f o r  a thermocouple located a t  the flange peri- 

phery near the flange bolts. 

bolt, w r i e d  f r o m  l177°F t o  1287O~ during Test No. 1. 

during thermal cycling of llO°Fo 

i n  a w e l l  near the cast seal, varied from 1157'F t o  1296'F, a variation of 

13g°F 

For example, thermocouple No. 25, near a 

T h i s  i s  a variation 

During the same t e s t  thermocouple No., 23, 

The temperature variation, during thermal cycling, i n  the region of 

the  bolts i s  about three times ehat obtained' i n  the case of the freeze 

flange5 (See Section 5.1) e In addition, the bolts were about lOOO'F higher 

i n  t@mpx=ature than the clamps on the freeze flanges, 

The padial tempemture difference, however, between the outside and .. 
inside diameter of the flanges is  small compared t o  the freeze flanges, 

causing less thermal stress. 

The above examples are typical of the  cast seal flange operation. Com- 

plete data f o r  all t e s t s  are  included i n  graphical fora. Graphs showing 

temperature of the flanges throughout the periods of thermal cycling are 

included i n  Appendix 3. There was no indication of any salt leakage during 



19 1158 13 12%) 1-41 

20 Note 1150 13 1280 1-41-42 

22 1188 6-13 1323 42 
a (1) 12l2 13 1303 41 

23 1157 1296 41 

24 Note La42 13 1282 41 

25 ''I JJ-77 1-13 1287 41 

26 1137 6 195 42 

n28 20 1255 24 

1122 20 1245 15-24 

1155 20 1238 15 
1142 20 1285 24 

1125 20 1258 15-24 cn 

E 

4=- 

I 
1110 20 1243 15-24 

U W  20 1233 15-24 

1 u o  20 1293 24 

Motes : 
(1) ~~..aage with s i lver  cast 
( 2 )  Flange with Cogpr-Silver Alloy cast S e d  
( 5 )  

cycling were 13oov 
The s a l t  and flange %em-papcmturekl before 

- _ _ ~ -  

Nota : 
The ebc-tua-3. m i n i m  t e m p r a t m e  of all 
thermocouples i n  T e s t  No. 2 wars during 
the 1 s t  cycle and w~bs from 10" %O 45" 
lower than the m i n i m  tmpmtwes 
l ist& i n  %able above, 
The sal% and flange temperatures before 
cycling were 1100 "F 0 
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Fig. 24; Cast Seal Flange After Disassembly Following Loop Tests - Copper-Silver 
Alloy Seal. 
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er Seal. Fig. 25. Cast Seal Flange After Disassembly Following Loop Tests - Si lv  



Table-No. 6 

1. 

2. 

3. 
4, 
5 .  
6. 
7. 
8. 
9. 
10 

TIME REQUIRED FOR ASSEHBLY AND D I S A S S m Y  FOR CAST SEAL FLANGES 
DISASSEMBLY 

Time Required 
Silver Seal Copper Silver Alloy Seal Operation Performed 

Dumping Salt from Loop 
Cooling Flange t o  Room Temperature 
Removal of Insulation from Heater Box 
Removal of Heater Box f r o m  Flanges 
Removal of Four Bolts and Nuts from Flanges 
Reinstall Heater Box 
Replace Insulation 
Heat Flanges t o  Melt Point of Seals 

Separation of Flanges while Hot 
Cooling Flanges t o  Room Temperature 

1, Cleaning Oxide from Flanges 
2, Assemble and Ins ta l l  Flanges i n  Posi%ion 
3* 
4, 
5 e 

6 ,  

Instal l  Heater Box and Insulation 
Heat Seals t o  Melt Point 
&at Flanges to Compress and Adjust 
Ins t a l l  Pour Bolts and Nu%s 

Total 

15 min. 
4 hours 

30 min. 
10 min. 
40 min. 
10 min. 
20 min. 

6.5 hours 
20 min. 

3 hours 
16 hours 

ASSEMBLY 
10 .dn. 

min. 
15 min. 

‘b.5 hours 
3.5 hours 

5 min. 
Total g howe 

15 win. 

30 min. 
10 min. 

20 min. 
10 min. 
20 min. 

4 hours 

4 3  haurs 
10 min. 

2 hours 
12 hours 

10 min. 

30 min. 
1 5  min. 

4 ., 5 hours 
3 hours 
5 mino 

8.5 hours 

I 

wl 
0 
I 

(See Fig, 8 f0r view of assembled flange) 

1 I 
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Fig. 28. Arrnco Iron Gasket After Testing in Indented Seal Flange. 



I UNCLASSIFIED 
PHOTO 31518 

Fig. 29. Indented Seal Flange with Nickel  Gasket After Testing, 
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Fig. 30. Indented Seal Flange with Nickel-Plated Arrnco Iron Gasket After Testing. 
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free of the flanges in a lathe. 

Of $he four gaskets tested, the nickel plated and annealed Armco 

ima gasket proved most satisfactory- 

of dmmge from corrosion or mechanical defects. A more suitable method 

of clamping is in order, to insure a tight seal during the various tempem 

ture c m e s .  

The Inconel flanges showed no sign 

6.0 p~tiure Tests 

The stme freeze flange joint and indented seal joint, described in 

Saction 3 of this repopt, are now under test with molten sodium in an 

Incsnel loop, An annealed copper seal ring is being used in the freeze 

flage. A nickel plated, annealed APmco iron gasket is being used in in- 

dented seal  flange. 

%laage assemblies are shown installed at one end of the Inconel loop i n  

Fig, So 

The tests are similar to those described above. Both 

A larger size freeze flange joint has been fabricated. It is shown 

assembled in Fig, 32. 

in @ace in Fig. 33. 

size flange tested and described above. 

ring seal for monitoring the gas leak rate during operation. 

flanges have been fabricated for testing with molten salt in a loop, 

shown schematieally in Fig, 9, The welding necks on the flanges will 

m&ch a 4-inch, schedule 40 pipe. An wlusual. feature of the large flange 

is the use of a special clamp, made in two sections, which'holds the flanges 

around their entire circumference, 

gmpb, Fig. 92, Holes were placed in the webe to reduce heat conduction 

from the salt to the sea3 ring areas A -tal screen all be inserted i n  

the space between the flange faces to reduce the hold-up velum@ of salt, 

The flange is shown open with the coppep seal ring 

The principle of operation is identical to the small 

Provision has been made on the 

Two such 

The clamp is shown in the assenibly photo- 
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Fig. 31. Freeze Flange and Indented Seal Flange Installed in Test Loop for Cycling Tests wi th  Molten Sodium, 
(1 )  Indented Seal Flange; (2) CaIrod Heaters; (3) Toggle Clamp; (4) Air C ling Inlet; (5 )  Freeze Flange 
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Fig, 32. Assembly of Large Freeze Flange. 
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Fig. 33. Large Freeze Flange Shown Open with Copper S e a l  Ring in Place. 
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FLANGES 

Fig. 34. Schematic Drawing o f  Test Loop f o r  La rge  Freeze F lange .  
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APPrnIX 3 

Graphs of" Cast Seal. Flange T'kaermal Cycling Tests 
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Fig. 35, Cast Seal Flange with Silver Seal, Sectioned. 
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ONE INCH 

Fig. 36. Cast Seal Flange with Copper-Silver Alloy Seal, 
Sectioned. 
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Fig. 37. Cast Seal Flange with Copper-Silver Alloy Seal; Photomicrograph of Interface 

of AI loy and lnconel WaI I. 



- 105 - 

Report on Metallurgical Exasligation of the Freeze Flange JQbt 
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UNION CARBIDE I W C M  C W A X Y  
A Division of Union Carbide and Carbon CoqmpeLtion 

To : A. TabQada piant: 9201-3, y - 1 ~  

Copies to: W. B. McDonald 
A.  S. Olson 
RSC Files (FC) 

This freeze flange had operated through several thermal cycles in %as%. 

Inf'oHaatisn regartling possible cracking was desired. 

Three sections were taken through the center hole t o  explom all the amas 

l ike ly  to exhibit cracks. 

longitudinal section through the center hole. 

One section included a welded-on web and a 

Another section was taken 

r0ugbly 45" away longitudinally through the hole aBd a th i rd  i n  $ramv~rsg: 

cmss section through the  counter-sunk center of the flange. I% was in this 

area that cracking was felt t o  most l ike ly  occur. 

None of the sections examined showed any cracks. 

R. S. Crousa 
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