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DECLISSIFIED 
Introduction 

Sarly derelofment work done at Los AIBUBOS on the bonib-redxustion method 
of preparing plutonlum indicated that precise control in heating the 
hoah at a prescrihed rate is necessary in order to 6l/tala consistently 
good yields. Since it is not possible to record the desired inner tem
perature on production TV^K, the heating rate is controlled hy correlat
ing this liner temperature to an extemaliy Iwc^tsd theraocouple 
attached to the outer surface of the reduction furnace. It vas ILs 
purpose of the tests discussed in this report to conrelate thJs recorder 
teaipeorature irith the inner liner tempex^ture on the reduction furnaces of 
the BM Line. 

The furnace mui heated at such a rate that the average liner temperature, 
vhich was measured at three points, corresponded to the prescrihed 
schedule. In addition to the heating rate prescrihed above, it vas 
reconnended that the temperatures as recorded at the three locations 
should be irithln 75*C of each other in order to obtain best results. 
The test runs were evaluated vith regard to this condition also. 

Several dry ruzis usisr TSF^ as a standin vere also made to check the newly 
designed furnaces. Z.^se vere made folLsving recommended procedures 
outlined for reduction vith calcium and sulfur or iodljoe. 

Conelusions 

1. Satlsfaotoiry operation of Furnaces 1 and i was obtained. 

2. The teniperattire recorded at the bottom of the crucible in the 
Furnace 2 calibration vas lov and not vlthln the J^C specified. 
Spread at firing teŝ perature vas 12^*C. GBL tests shoved sat
isfactory heat distribution for this furnace. 

3. The heating rate prescribed by lA kT3 is best folloved by heating 
the furnace as rapidly as possible to 6^*C and holding at this 
teagperature until firing occurs, (ll to 13 minutes) 

k. Pressure indicators do not always operate to indicate firing. 

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

Becommendatlona 

1. It is recommended that the furnaces end coils be used as furnished 
by the GE laboratory. 

2. It is recoonended that Tumaoe 2 be operated and closely scru
tinized during the startup period to coiDipara its operating char
acteristics to those of the other Ifumaees. 
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3* It Is reeoonended that only T-36 or S-816 alloy be used as a 
furnace material vlthout making addltlaoal calibration runs. 

k. It is recommended that the fumaoe assedbly be recalibrated if 
any change in equipment or proceaa la made in the future, (other 
than Beocmgeendation So. 3) 

S. TbB follovlag oyele la reeoonended for use vlth iodine, calcium 
and PoF]^. The pover settings are only approximate for guidance. 
In general theae should be the manrlmum poaaible until 6?0*C is 
reached and then reduced to maintain this temperature. 

Time Secorder Temperature *C Si Input 

0 
1 
2 

k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
ih 
15 

25 
250 
1*00 
525 
625 
650 
650 
650 
650 
650 
650 
650 
650 
650 
650 
650 

0 

22 
2̂  
P2 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

If an alternate proeeas la used, it is reeommeaded that the best 
oyc'le be deteznlaed experlmviitally. 

5. It Is recq—ended that additional varied -done to provide more 
poaltive means of determining the firing point (tf the charge. 
Badiation metera aa used oa the BO Line might be used but must be 
sensitive to a firing even thou^ the other foznaoes contain un-
flxtid oharges. 

6« It is reeanneaded that additional developaaeat vork be done on the 
sanding problem to eliminate the aaad or replace it vlth a material 
that does not have the objeotion of being atrevn over the egiaipaent. 

Procedure 

Three chromel-«lamel thezmoeoiq^lea vere attached to the inside vail of 
an 8-1 type crucible vlth porcelain cement. The thermocouple vhlch 
recorded the top temperature vaa located oae inch (l**) belov the top 
of the crucible, the thermoooople lAiioh reeerded the center teaperature 
vas located half vay dovn the eiraolble vail, and the bottom teiqperature 
thermoeecvle vas at the Inteirseatlon of the inner vail and bottom. 
These three theznooouples vere placed 180^ apart oireumferentially. 
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The crucible vas placed in a lov carbon steel "tin" can and the ammlar 
apace betveen the crucible and can filled vlth Blend 80 magnesixia oxide 
sand. This "can pack" vas placed in a special mild steel base that had 
been slotted to permit the passage of the thermocouple leads. It bad 
the same design as the regular base In all other details, d o therao-
couple leada extended throu^ a hole in the crucible lid, dovn the aide 
of the can pack and out throu^^ the alot in the special base. This 
assembly vas then raised into the ftoaace to be tested. The leads vere 
protected from ahorting against, the can and furnace 1^ ceramic beads. 

In their deaign york, GBBL had done mnch to determine the proper 
heating program.^' Starting vlth thia aa a basis, heating cycles vere 
varied unt^l the"heat input provided the aame heating rate as the Time 
va. Liner Temperature schedule given in Table I. 

TABLB I 

Time CMin) Tnnnr Liner Temp.̂ C 

0 
1 
2 
3 
k 
5 
6 
7 
8 
y 

10 
11 
12 
13 
Ik 
15 
16 

25 
25 
kj 
^ 

102 
135 
164 
211 
252 
279 
320 
3^7 
381 
kl6 
kk2 
U70 
500 

EH input and recorder and crucible liner teorperaturea vere recorded at 
one min\rte Intervals xmtli an inner temperaxure of approximately 5^*^ 
vas recorded at i^iich time the pover vas shut off. Beadlngs vere con
tinued tmtil the Uner tea^ratnres started dropping. Further readings 
vere f e l t to be unneeeaaary aa conditiaEis at the time of firing are not 
reproducible. A sketch of the tes t assembly i s given in Figure 1. 

Discussion 

Infoznatlon given to tl» (3 Laboratory as to the heating program asoat 
have emphaaized a deaixe to reach 325*0 in ten (lO) minotes, the firing 
time and temperature in the BO Line equlpmienit. This vas shovn in Buns 
2 and k, vhlch vere made foUovlng GSL recomnandations. In these runs 
the heat distribation vas satisfactory and the average liner teacperature 
did reach 325*C la ten miautes. Hovever the BM equipuat haa a 2 to 3 
minute lag over the BO eg.tiipnBat before the liner temperaturea start 
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rlaing vhlch meana that in order to obtain the above time-teagperature 
condition a considerably more rapid heating rate la required. 

Obvloualy the most important factor is not the temperature at a given 
time but the rate of heating. In Bun 5. therefore, the heating rate vas 
reduced by heating as rapidly as possible to 650*C instead of 750*0 and 
holding at this point, A aatiafactory liner temperature program and 
heat distributioa pattern vas obtained from this run. Bec.<̂ nse the other 
furnaces had such similar heating characteriatica (except tue bottom 
temperatxire of Furnace #2} shia teat vas not repeated on each furnace. 

There are also other advantages to be gained by using the lover tem
perature for the reduction. The reduction atmosphere is corrosive and 
by reducing the waTlwom tenperature the corrosion rate is reduced, and 
aa a reault the life expectancy of the furnace, vhlch la replaced only 
vlth difficulty, la increaaed. 

Alao at 750*C the nickel gaaket haa a tendency to veld to the furnace 
vhlch presents problems la operation. By operating at the lower tem
perature the nickel is not softened to the degree It is at 750*C and 
consequently the reauval of the charge from the furnace by routine 
remote operation is more certain. 

The effect of having the charge off center in the furnace, a knovn 
factor of poor heat distribution, vas not studied alnee the can pack 
cannot be more than l/8" off center and vaa in thia poaition to provide 
elearaaee for the thermocouple leada from the crucible. 

The can uaed in Calibration Bun #1 vas the can furaiahed by GSL and had 
a 3.500" I.D. Follovlng thia test the can design ims revleved oy 
Tetimleal and Operatioas personnel to reconcile the problems of eqtiip-
ment operation, procesa requirraienta, and reooTery proceases. Aa a 
result of these diseusaions, it vas decided that a can 3.312" IJD. 
vould better fit the overall picture and all succeeding calibration 
runs vere made in thia size can. 

Test data for the various runs are given in the appended tables and 
figures. The cozrespondlng table nxaSovx and figure nuniber refer to 
the same heat run. Bach figure has the program reccaaended V IA-473; 
the controller temperature, and the three recorded temperatxarea. The 
dotted line repreaenta the average liner temperature atad is added for 
convenience only vhen there la a large variation in the teniteraturea. 
A brief reviev of each heat run la presented la a later section of 
this report. 

la addltloa to the heat calibration ruaa, tvelve stand-in runs vere 
made vlth uranium tetrafluoride, calcium, and sulfur or iodine. These 
nma vere made to teat the operabllity of the equipment vhlch had some 
radical deaign changea, especially the free volume Ixi the f\im&(><>< out
side the crucible. From these runs additional infoxmatlon regarding 
the operation vas gained vhlch, althou^ not directly concerned vlth 
calibration, do affect the redtu:tioa fuẑ aace cycle. 

DECUSSIFIED 
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With the exception of tvo runs in vhlch the charge vaa partially lost, 
the yields from the stand-in xvxia vere greater than ̂  per cent and the 
appeanmce of the fired charge vas nozmal. This vould Indicate that all 
the furnaces are being heated in a satisfactory naamer. 

The firing of the charge vas not alvays detected by the preasure recorder 
provided for thia purpoae. Because of this ineonslatency it vould be 
desirable to study this problem and provide a better method of determin
ing the point at vhlch the heatiag can be discontiniiad. 

The need for sand to serve as a backup material for the crucible vas in
vestigated because of the advaatagea to be gained by eliminating it. 
During aubaequent operations ctf cutting and duoiplng it spills over the 
preeiaioa handling eqaipnwnt and it adda to the recovery problem. 

Several of the atand-in runa vere made in crucibles having only a tight-
fitting can for support. Fifty per cent of the runs of this type made 
in 3-1 crucibles cracked and alloved the slag and metal to pour out 
through the supporting can into the furnace. It vas decided that cans 
of close enough tolenaice could not be provided to assure euiequate 
support and all further runs rere made in sand packed cans. 

Test Buns 

Calibration Bun #1 - This run vas made la Furnace #2 tisiag an S-1 cru
cible packed in a 3.5 inch can. The furnace vas heated as rapidly as 
possible until the recorder teeî eratiire reached 750*C aad vas held at 
this poiat. The restilts shov that there vas a rapid heat input to the 
upper half of the crucible and the bottom vas ouch cooler, lagging 
175*C et the firing temperature. Bven so, the average heating rate vas 
higher than the reoaoaaended rate, being 42*C/mln. compared to 31*C/min. 

Calibration Bun #2 - This run vais made la Furnace #3 using the same S-1 
crucible from Bua #1 vhlch vas zwaoved from the can aad packed la a 
3*312 iach etua. vhlch vas felt to be better. The same beating schedule 
vas followed as for Bua #1 and gave a aatiafactory heat distribation 
but the average heating rate vaa again high» 2»2*C/min. Tvo of the 
thsrssccuplsa gave ejnatic leadings ^*- "tH* «»d of the heating cycle 
vhen they opened apparently from being stressed vhen mnVIng the change 
in caas. 

Calibratioa Bua #3 - Thia vas a repeat of Bua #1 using the 3*312 inch 
can. It still gave aa imsatisfactory heat distribution, althouc^ the 
lag of the bottoa teogperature vas lesa, being 125*C at the firing 
temperature^ The average heating rate vaa again exceasive, 51*C/mln. 

Calibration Bun f^ - Thia run vas made to test Furnace #1 using the 
same heating achedule and equipment aa Buns #2 and #3. Besults vere 
the aaune as Bun ^^ 

Calibration Bun #5.- This rua vas made la Fumaoe #3, heating as rapidly 
as possible to 650*C and holding. A satisfactoxy heat distribuction vas 
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obtained aad the average heatiag rate vas identical to the recoHBended 
rate. Thia heating program providea the beat conditions for routine 
plant operation a£ the reduction equipment. 

Beferences 

1. lA hlJ, "Preparation of Plixtonium by the Boaib Method", B. I). Baker, 
Secret. 

2. JF 369, "Schenectady Test Beport, Task III Components", Ho Author 
Oiven, Secret. 
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FIGUBB 1 TEST ASSEMBLV 

To Vacuum 
and Argon 

FUBMCE 
1. V-36 Alloy 
2 . 3 3A" I.D. 
3 . k 3A" O.D. 
k, 10 1/2" Inside 

Height. 

CAH PACK 
1. S-1 Crucible 
2 . 3.500" or 3.312 -̂v 

I.D. Can (28 ga.) KJ 
3 . Blend 80 MgO Q 

sand in annulua. 
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2 . Slotted for 

Thermocouple 
entry. 

3 . Glass vool 
insulator pad. 

k. Nickel gasket. 

COIL 
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3. 2k Turns - Iven 
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Shorted. 
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t\ FIGURE 3 • CALIBRATION RUN #2 
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TABLB 2 1-31-52 
B u n # l 

TASK I I I FDBHACB CAUBRATIOW Furnace ff2, 
S-1 Crucible 

3,5" Can, Saaded 
With MgO 

Air Atmoaphare 

Time 

0 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Ik 
15 
16 
17 
18 
19 
20 
21 

0 
22,5 
22.5 
22.5 
22.5 
23.0 
22.5 
8 
10 
15 
12 
12.5 
13 
13 
13 
13 
OFF 

20 
150 
285 
J*25 
525 
625 
700 
750 
Tk^ 
7l»5 
750 
750 
750 
750 
750 
750 

Top Temp. 

2k 
2k 
2k 

' 36 
^ 
1> 

uh 
155 
213 
268 
320 
366 
2»10 
»*53 
kaa 
525 
557 
571 
578 
575 
568 
558 

Center Teav. 

2k 
2k 
2k 
26 
k2 
62 
92 
115 
155 
207 
25^ 
30li-
353 
i(02 
kkQ 
k90 
528 
558 
570 
576 
579 
572 

Bottom TeoEP. 

22 
22 
22 
2k 
3k 
k^ 
59 
75 
100 
126 
150 
180 
212 
2k3 
271 
30l». 
335 
365 
38J* 
1*05 
1H6 
380 

A l l teB^perattnrea recorded are *C. 
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TABLB 3 2-27-52 
Bun #2 

TASK H I FDBHACB CALIBBATICai Furnace #2 
S-1 Crucible 

3.312" Can, Sanded 
With Mgp 

Air Atmoaphare 

Time 

0 
1 
2 
3 
1* 
5 
6 
7 
8 
9 
10 
U 
12 
13 
Ih 
15 
l£ 
17 
18 

or lQ9at 

0 
20 
20 
20 
19 
20 
20 
20 
10 
19 
12 
13 
16 
15 
13 
12.5 
(OT 

Becorder Temp. 

35 
250 
375 
500 
590 
650 
675 
675 
Y50 
7̂ 5 
750 
7̂ 5 
71̂ 5 
750 
755 
755 

Top Temp. 

25 
25 
27 
30 
k6 
68 
100 
137 
187 
227 
270 
305 
31̂ 5 
380 
1H8 
k^3 
1*63 

1*37 
1*75 

25 
25 
25 
33 
k5 
68 
103 
1H9 
197 
267 
310 
350 
395 
1*36 
1*80 
516 
550 
510 
525 

Bottom Temp. 

25 
25 
30 
1*0 
55 
80 
112 
11*9 
190 
260 
275 
305 
31*0 

375 
1*07 
1*1*0 
kk2 
1*90 
500 

All t«Rperatares recorded are *C. 
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lABIg k 3-l*-52 
Bun #3 

TASK III FDBHACB CAUBRATIOB Furnace #2, 
S-1 Crucible 

3.312" Can, Sanded 
With MgO 

Air Atmoaphare 

Time 

0 
I 
2 
3 
1* 
5 
6 
7 
8 
9 
10 

u 12 
13 
2h 
15 
16 
17 
18 
19 
20 
21 
22 

Ktf Input 

0 
22 
22 
22 
21.5 
21.5 
22 
8 
7 
10 
15 
15 
ll* 
12 
12 
12 
OFF 

Becorder Tamp. 

25 
200 
31*0 
1*60 
575 
650 
715 
755 
760 
71*0 
71*0 
750 
760 
760 
750 
71*0 

Top Temp. 

25 
25 
27 
1*0 
60 
100 
11*5 
195 
255 
305 
350 
390 
1*25 
1*65 
500 
535 
557 
565 
570 
570 
565 
555 
51*5 

Center Teas. 

25 
25 
30 
1*0 
60 
100 
150 
205 
275 
335 
390 
1*35 
1*75 
510 
51*5 
570 
600 
610 
615 
610 
605 
595 
580 

Bottom Temp. 

25 
25 
25 
27 
1*0 
70 
95 
130 
170 
210 
21*5 
280 
305 
31*0 
370 
395 
1*25 
1*1*5 
1*55 
1*60 
1*65 
1*65 
1*65 

L 

All tea^peratures recorded are *C. 
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TABI8 5 

TASK H I FDBHACB CALIBBATIOH 

3-J*-52 
Bun jf% 

Furnace #1 
S-1 Crucible 

3.312" Can, Sanded 
With MgO, 

Air Atmos|there 

Time 

0 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
ll* 
15 

EK Input 

0 
22 
22 
22 
12 
12 
12 
12 
12 
12 
12 
12 
12.5 
12.5 
12 
12 
OFF 

Becorder Temp. 

1*0 
280 
510 
670 
750 
750 
750 
750 
750 
750 
750 
71*5 
71*5 
750 
750 
750 

Top Tem;p. 

25 
25 
25 
35 
55 
75 
100 
1J1*0 
190 
235 
285 
325 
355 
390 
1*30 
1*70 
1*80 
1*85 
1*85 

Center Temp. 

25 
25 
25 
33 
1*7 
67 
105 
150 
202 
267 
312 
350 
395 
1*35 
1*80 
515 
550 
565 
570 

1 

Bottom Temp. 

25 
25 
30 
uo 
55 
80 
110 
11*5 
190 
235 
280 
315 
31*0 
370 
1*05 
1*1*0 
1*50 
1*1*5 
1*35 

All temperatures recorded are *C. 
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TABPB 6 

TASK m FDBHACB CAmBATICl 

3J*-52 
Bun #5 

Furnace #3^ 
S-1 Cracible 

3.3l2"Can, Sanded 
With 1 ^ 

Air Atmoaphere 

V'H 

Tiae j Pr Input 

V 

Becorder Temp.' Top Tamp.* 

7 aFF'****if* 

500 
575 
650 
650 
650 
655 
660 
660 
655 
650 
650 
650 
650 
650 
650 
650 

Center Temp. Bottom Tenp. 

ĵj<î aiî Sg?̂ '̂jrea n'forded are •C. 

35 
35. 

85' 
125 
150 
180 
225 
270 
300 
335 
375 
395 
1*25 
1*1*5 
1*65 
1*80 
500 
510 
515 
515 
510 

x>couple Open. 

® 

35 
35 
1*5 
100 
135 
150 
175 
215 
21*0 
265 
290 
320 
31*0 
360 
380 
1*00 
1*20 
1*35 
l*i*0 
1*50 
1*50 
1*1»8 




