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Introduction

Barly development work dons at Ios Alanoa(l)on the bomb-reduction method
of preparing plutonium indicated that precise control in heating ths
bomb at a prescribed rate is necessary in order to ottaia consistently
good yields. Since it is not possible to record the desired inner tem-
Perature on production rm=a, the heating rate is comtrolled by correlat-
ing this liner temperature to an externaiiy iucatad thermocouple
attached to the outer surface of the reduction furnace, It was lLs
purpose of the tests discussed in this report to correlate th!s recorder

temperature with the inner liner temperature on the reduction furnaces of
the RM Line,

The furnace wvas heated at such a rate that the average liner temperature,
vhich was measured at three points, corresponded to the prescribed
schedule, In addition to the heating rate prescribed above, it was
recommended that the temperatures as recorded at the threes locations
should be within T5°C of each other in order to obtain best results.

The test runs were evaluated with regard to this condition also.

Several dry runs usinor Ul’h as a gstandin wvere also made to check the newly
designed furnidces. T..sse vere made folicving recommended procedures
outlined for reduction with calcium and sulfur or iodine,

Conclusions
l. 8atisfactory operation of Furzaces 1 and 3 was obtained.

2. The temperature recorded at the bottom of the crucible in the
Purnace 2 calibration was low and not within the 75°C specified,
Spread at firing temperature was 125°C. GEL tests showed sat-
isfactory heat diastribution for this furnsce.

3. The heating rate prescribed by IA 473 is best followed by heating
the furnace as rapidly as possible to 650°C and holding at this
temperatures wuntil firing occurs. (11 to 13 minutes)

4, Pressure indicators do not always operate to indicate firing.

5. Using the present equipment, the liner must have backing of sand
to prevent cracking of the crucible and loss of charge.

Recommendations T

l. It is recommended that the furnaces and ¢5ils be used as furnished
by the GB laboratory.

2. It is recommended that Furnace 2 be operated and closely scru-

tinized during the startup periocd to compars its operating char-
acteristics to those of the other {furnaces.
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3. It is recommended that only V-36 or 8-816 alloy be used as a
furnace material without making additional calibration runs.

k., It is recommended that the furnace assembly be recalihrated if

any change in equipment or process is msde in the future. (Other
than Recommendation No. 3) -

S5« The following cycle is recommended for use with iodine, calcium
and Purh. The power settings ars only approximate for guidance.
In general these should be the maximum possible until 650°C is
reached and then reduced to maintain this temperature.

Tims Recorder Temperature °C K4 Input
0 2% 0
1 250 22 (Maximum)
2 400 22
K 525 2c
" 62% 22
5 650 11
6 650 11
T 650 11
8 650 1l
9 650 11
10 650 1L
11 650 1l
12 650 - 11
13 650 1
b )8 650 11
15 650 11

If an alternate process is used, it is recommended that the best
eycls be determined experimamtally.

5. It is recommended that additional work be dome to provide more
positive means of determining the firing point of the charge.
Radiation meters as used on the RG Lins might be used but must de

sensitive to a firing even though the othsr furnaccs contain un-
fired charges,

6. It is recommended that additional development work be dons on the

sanding probleam to eliminate the sand oxr replace it with a material
that does not have the objection of baing strewn over the equipment,

Procedure

Three chromsl-alumel thermocouples wers atiached to the inside wall of
an 8-1 type crucible with porcelain cemsnt, The thsrmocouple which
recorded ths top temperature was located cne inch (1") below the top
of the crucidls, the thermocouple which recorded the center temperature
was located half way down the crucible wall, and the bottom temperature
thermocouple was at the intersection of the immer wall and bottom.
These three thermocouples were placed ]20" apart oircumferentislly.

s
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The crucibls was placed in a low carbon steel "tin" can and the annmular
space between the crucidble and can filled with Blend 80 magnesium axide
sand, This "can pack” was placed in a special mild steel base that had
been slotted to permit the passage of the thermocouple leads. It had
the sams design as the regular base in all other details. The thermo-~
coupls lesads extsnded through a hole in the crucibles 1id, down the side
of ths can pack and out through the slot in the special bese. This
assembly vas then raised into the furnace to be tested, The leads were
Protected from shorting against the can and furnace by ceramic beads,

In their design tgfk’ GEL had done much to determine the proper
heating program. Starting with this as a basis, heating cycles were
varied untfl the~hsat input provided the same heating rate as the Time
vs. Liner Temperature gcheduls given in Table I.

TABLE I
Inner Liner Temp.’C

25

25

b7

Sh
102
135
164
211
252
279
320
347
381
k16
1 . hh2
15 470
16 500

EW input and rescorder and c¢rucible liner temperatures were recorded at
one minute intervals until an inner temperaturs of approximately >G*C
was recorded at which time the power was shut off, Readings were con-
timed until the liner temperatures started dropping. Further readings
were felt to be unneeassary as conditions at the time of firing sre not
reproducible, A sketch of the test assembly is given in Figure 1.

GhREBvwomwouvwsrwm o 1:

Discussion

Information given to the GE Labocratory as to ths hsating program muat
have emphasized a desire to reach 325°C in ten (10) minutes, the firing
time and temperature in ths RG Iine ecuipment. .-This was shown in Runs
2 and k4, which were made following GEL recommendations, In these runs
the heat diatribution was satisfactory and the averags liner temperaturs
did reach 325°C in ten minutes, However the EM equipment has a 2 to 3
minuts lag over the RG aquipment before the linsr temperaturss start
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rising which msans that in order to obtain the above time-tenperature
condition a consideravly more rapid heating rate is required.

Obviously the maost important factor is not the temperature at a given
time but the rate of heating. Iz Run 5, therefore, the heating rate was
reduced by heating as rapidly as possible to 650°C instead of 750°C and
holding at this point, A satisfactory liner temperaturs program and
heat distridbution pattern was obtainsd from this run. Because the cther
furnaces had such similar heating characteristics (except “ue bottom
temperature of Furnace #2) ihis test was not repeated on each furnace,

There are also other advantages to be gained by using the lower tem-
perature for ihe reduction, The reduction atmosphere is corrosive and
by reducing the maximum temperature the corrosion rate is reduced, and

as a result the life expectancy of the furnace, which is replaced only
with difficulty, 1s increased.

Also at T750°C the nickel gasket has a tendency to weld to the furnace
which presents problems in operation. By operating at the lower tem-
peraturs the nickel is not softensd to the degree it is at 750°C and
consequently the removal of the charge from the furnace by routine
remote opsration is more certain,

The sffect of having the charge off center in the furnace, a kmown
factor of poor heat distribution, was not studied since the can pack
cannot be more than 1/8" off center and was in this position to provide
¢learance for the thermocouple leads from the crucible,

The can used in Calibration Run #1 was the can furnished by GEL and had
a 3,500" 1.D. Pollowing this test the cazn design was reviewed oy
Technical and Operations personnel to reconcile the problems of equip-
ment operation, process requirements, and recovery processes., As a
result of these discussions, it vas decided that a can 3.312" I1I.D.
would better f£it the overall picture and all succeeding caiibration
runs were mads in this gize can,

Test data for the varicus runs are givem in the appended tahles and
figures. The corresponding table mmber and figure number refer to
ths sams heal run. RBach figure las the program recommsndsd Ly IA—T3,
the controller temperature, and the threes recorded temperatures., The
dotted line represents the average liner temperature and is added for
convenience only when there is a large variation in the tempermstwres.
A brief review of each hsat run is presented in a later ssction of
this report.

In additiocn to the heat calibration runs, twelve stand-in runs were
made with uranium tetrafluoride, calecium, and sulfur or lodine, These
runs vers made to test the operability of the equipment which hed some
redical design changes, especially the free volums in the furnsis out-
side ths crucible, PFrom thess runs additional information regaruing
the operation was gained which, although not directly concerne? with
calibration, do affect ths reduction furmace cycls,
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With the exception of two runs in which the charge was partially lost,
the yields from the stand-in runs were greater than Y9 per cent and the
appearance of the fired charge was normal. This would indicats that all
the furnaces are being heated in a satisfactory mammer.

The firing of the charge was not always detected by the pressure recorder
provided for this purpose, DBecause of this inconsistency it would be
desirabls to study this problem and provide a better method of detsrmin-
ing the point at which the heating can be discontinued,

The need for sand to serve as a backup material for the crucible was in-
vestigated because of the advantages to be gained by eliminating 1it.
during subsequent operations of cutting and dumping it spills over the
precision handling equipment and it adds to the recovery problem,

Several of the stand-in runs wers made in crucibles having ocnly a tight-
fitting can for suppert. Fifty per cent of the rums of this type made
in 8-1 crucibles cracked and allowed ithe slag and metal to pour out
through the supporting can into the furnacs, It was decided that cans
of close enough tolerance could not be provided tc assurs adequate
support and all further runs vwere made in sand packed cans,

Test Runs

Calibration Run #1 - This run vas made in Furnace #2 using an S-1 cru-
cible packed in a 3.5 inch can. The furnace was heated as rapidly as
possible until the recorder temperature reached 750°C and was held at
this point. The results show that there was a rapid heat input to the
upper half of the crucible and the bottom was mach ccoler, lagging
175°C at the firing temperature. Even so, the aversge heating rate was
higher than the recommended rate, being #2°C/min. compsred to 31°C/min.

Calibration Run f2 - This run was made in Furnace #3 using the same S-1
crucibls from Bun #1 which was removed from the can and packed in a
3.312 inch can vwhich was felt to be better, The same heating schedule
was folloved as for Run #1 and gave a satiafactory beat distribution
but the average heating rate was again high, 42°C/min. Two of the
thermocouplas aave erratic readings at the and of the heating cycle

vhen they opened apparently from being stressed vhen making the change
in cans.

Calibration Run #3 - This was a repeat of Run #1 using the 3.312 inch
can, It still gave an unsatisfactory heat distribution, although the
lag of the bottom temperature was less, being 125°C at the firin

temperature, The average heating rate was again excessive, 51°C/min,

Calibration Run ﬂ - This run was made to test Furnace #1 using the

seme heating schedule and equipment as Runs #2 and #3. Raesults vere
the same as Run #2,

Calibration Run #2.- This run was made in Furnace #3, heating as rapidly
as possible to 650°C and holding. A satiafactory heat distribution was
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obtained and the average heating rate was identical to the recommended
rate. This heating program provides the best conditions for routine
plant operation of thes reductiomn equipment.
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TABIE 2

TASK III FURNACE CALIERATIOR

BW 24165

1-31-52
Run #1
Turnace #2,
S-1 Crucible
3.5" Can, Sanded
With Mg0
Alr Atmosphere

Time | KW _Input |Becorder Temp. | Top Temp. | Center Temp. |Bottom Temp,
0 0 20 2 24 22
1 22,5 150 24 24 22
2 22.% 285 24 2h 22
3 22.5 k25 36 26 24
b 22,5 525 Sh k2 34
5 23.0 625 T2 62 45
6 22.5% T00 11k 92 59
T 8 0 155 115 T
8 10 ™S 213 155 100
9 15 ™5 268 207 126

10 12 750 320 254 150

1 12,5 750 366 304 180

12 13 750 410 353 212

13 13 750 453 Lo2 25

1k 13 750 Lk8 271

15 3 750 525 490 304

16 arr 557 528 335

17 571 558 365

18 578 570 384

19 > 576 Lo5

20 568 579 K16

21 558 572 380

All temperatures recorded are °C,

DECLASSIFIED
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& EW-25165
-15-
TABLE 3 2-27-52
Run #2
TASK IIT FURNACE CALTERATION Furnace #2
8=-=1 Crucible
3.312" Can, Sanded

With Mg0

Air Atmosphere

Time | KW Input | Recorder Temp, | Top Temp. | Ceumter Temp, | Bottom Temp.
0 0 35 25 25 25
1 20 250 25 25 25
2 20 375 27 25 30
3 20 500 30 33 ko
4 19 590 48 k5 55
5 20 650 68 68 80
6 20 675 100 103 112
7 20 675 137 149 149
8 10 (90 187 197 190
9 19 745 227 267 260

10 12 750 270 310 275

11 13 Th5 305 350 305

12 16 Th5 345 395 340

13 15 50 3680 436 375

1k 13 755 k18 480 207

15 12,5 155 k53 516 b0

16 4: 2 3 463 550 2

17 k37 510 490

18 k5 25 500

All tempsratures recorded are °C,




q W 24165
~18-

TABIE & 34-52
Rwun #3
TASK III FURNACE CALIERATION Furnace #2,
8~1 Crucidble
3.312" Can, Sanded
With Mg0

Alr Atmosphere

Tims | KW Ioput | Recorder Temp, Top Temp, Center Temp, | Bottom Temp.
o 0 2% 25 25 25
1 22 200 . 25 25 25
2 22 3h0 27 30 25
3 22 460 0 ko 27
™S 21,5 575 60 60 40
5 21.5 650 100 100 T0
6 22 T15 145 150 95
T 8 755 195 205 130
8 T 760 255 275 170
9 10 Tho 305 335 210

10 15 Tho 350 3% 245

11 15 750 390 h3s 280

12 1h 760 hos W75 305

13 12 760 65 510 340

1 12 750 500 545 370

15 12 Tho 535 570 395

16 orr 857 600 425

17T 565 610 khs

8 570 615 k55

19 570 610 460

20 565 60% 465

21 595 595 k65

a2 545 580 465

All temperatures recorded are *C.

DECLASSIFIED
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TABIE 5 3452
Run #
TAGK I FURNACE CALIFRATION Furnace #1
8-1 Crucible
3.312" Can, Sanded
With Mgo,

Alr Atmosphere

»

Time | EW _Input | Recorder Temp. | Top Temp. | Center Temp, | Bottom Temp,
0 +] ko 25 _ 25 25
1 22 280 25 25 25
2 22 510 25 25 30
3 22 670 35 33 40
b 12 750 55 L7 55
5 12 750 5 67 80
6 12 750 100 105 110
T 12 T50 140 150 %5
8 12 750 190 202 190
9 12 T50 235 267 235

10 12 750 285 312 280

1 12 TS 325 350 315

12 12,5 ™5 355 395 340

i3 12,5 750 390 435 370

% 12 750 %30 480 ko5

15 12 750 470 515 kko

(01:5°3 480 550 - k50
485 565 4h5
L85 570 435

All temperatures recorded are °C,
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TABIE 6 3452
Fun #5
TASK ITI FURNACE CALIRBATIOR Furnace #3,
- T 8-1 Crucible
3.312"Can, Sanded
With Mg0
ALy Atmosphere
T o
- ~
Time | K¥ Input | Recorder .1 To % | Center Temp, | Bottom Temp,
by :
0 0 aliPY VP 35
‘ 1 24 350 e MATTLE X 35° gg
s 2 22 500 Peasy 45
2 3 20 575 85 ™ 100
2,“-'-. " 12 650 125 135
A 5 12 650 150 150
. 6 12 650 18¢ 175
o 7 11 655 225 215
8 11 660 270 2ko
9 11 660 300 265
10, ,5ems 655 335 290
1l 650 375 320
12 650 3595 340
2 650 425 360
3 650 b5 380
650 k65 400
250 480 :20
50 500 35
oFy Sy 510 1k0
515 450
515 kso
) 510 L48
. B
e fres rcforded are °C,
¢ ;’m\ocmple Open,
‘ ©
. J o+

DECLASSIFIED





