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This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
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process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
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Government or any agency thereof. 
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The work covered by t h i s repor t was accomplished 
under Air Force Contract AF33(6'7'7)«i0077, but t h i s 
repor t i s being publ ished and d i s t r i b u t e d p r i o r to 
Air Force reviewc The pt ib l ica t ion of t h i s r epo r t , 
therefore- does not c o n s t i t u t e approval! by the Air 
Forcje of the f indings o r conoiuslons «*oncalned herein.. 
I t 16 published for the exchange and s t imula t ion of 
ideas> 



IlJTEODirCTION 

This program, Huclear Fuel (Oxide) Clad Theraionic 
Converters, Contract AF33(657)-10077» encompasses the 
fabrication, perforoance testing, and evaluation of a 
double diode thermionic converter containing fuel-bearing 
emitters. In a parallel effort, fuel pellets, with 
dimensions comparable to those of the eaitters, are to 
be fabricated, thermally endurance tested, and evaluateda 
Finally»^ the results of the preceding efforts will be 
utilized' to accomplish the design of en improved therm­
ionic convertero 

This is the third Quarterly Technical Progress 
Heport submitijod under this program. It describes 
the technical progress achieved during the period of 
Kay 1 through July 51» 1963 .> 
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PBESENT WOBK 

Fabrication of the components for the FDM-1 
converter and its back->up device was completedc 
The FDlf~l converter was assembled and preparations 
for testing were completed^ Performance testing 
was initiated and a total of 33K) hours of operation 
at temperatures above lOOÔ 'K in a cesiizm envlrozment 
were logged by the end of the quarterly periods 
During this time the peak ^d.tter temperature reached 
was approximately 2000®£ with a thermionic output of 
nearly 2 watts/cm2. Toward the end of the reporting 
period, indications of a cesium leak were observed 
and the device was shut down for examination. 

A 500 hour thermal endurance test of the clad 
fuel pellets was performed. A post-test examixiation 
was conducted and no diffusion of UO2 into the clad=» 
ding was observedo A thermal conductivity test 
specimen was exposed to a temperature of l^^O^C for 
5i00 hours with the result that some intergranular 
diffusion was notedo The post-test examination of 
the vacuum emission test pellet was also completedo 

The design of the advanced double diode thermionic 
converter utilizing the results of prior efforts was 
initiated^ 

FUTUBE WOBK 

During the next quarterly period, the FDM-1 con­
verter will be examined to determine if a design 
change is neccessary and/or appropriate rei»ir 
possible^ Components for the back-up device (FMI-2) 
will be suitably modified and assembled,if required, 
and testing resumed. Converter performance data will be 
evaluated and a detailed %:icamination performed at the 

conclusion of testing. 

The design of the advanced double diode thermionic 
converter will be cocpleted^ 

A Final Technical Report describing all work 
accomplished under this program will be prepared in 
draft form. 
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0?£CĤ n7'AL DISrUSSXOM 

I.. Fabrication Of the Fueled Clad Double Diode 
Theimionic Converter " 

^' Fabrication of C onverter Components 

Fabrication of components for the FDM-1 con­
verter and its back-up device began in January 1963 
Prior knowledge and eaperience gained from the fabri­
cation and assembly of Martin-sponsored devices were 
utilized to the fullest exxent and proved invaluable. 

Details of some of fche procedures that were 
necessary for the fabri<"ation of several complex com­
ponents for the FDM-1 '•onverter are as follows: 

Inner Anode Assembly 

Arc cast columbium bar stock was rough machined 
and subsequently vacuum annealed to remove machining 
stresses.̂  The inside diameter was ma«*hin©d to final 
dimensions^ One end of fche tube was counterbored to 
accept the columbium back-emission shield and the 
tantalum-10% tungsten center-lead. 

Both the back-omission shield and the cente3>-
lead were formed by pressing a male die into suitable^ 
annealed sheet stock backed up by a lead block. This 
technique was found to give excellent formability to 
the above refracjory metals. 

Following mafhiniag of the outside diameter, tae 
back-emission shield (0,020" thi<?k") and the cerjter-
lead (OoOlO" thick) were located in the anode tube 
Gounterbore (0,025" deep),. The anode tube was 
positioned on a holding chill, with provisions for 
holding a pin and weighty and was weld™-brazed in Ihe 
remote chembero 

Twel've equ'̂ -Bpa*̂  ed '-esiim passage holes were 
drilled through uhe bsLCk-eEilssion shield and "enter-
lead adj&'*ent to fche Via.iX of ohe anode tabe^ The 
previous ^oid-brase rssuLted In a sligh-c grovfth on 
the anode tube oat Bide di&mefcer which »as jaarfclnsd 
off. 
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The outside surface of the tube was carefully grit 
blasted in preparation for an AI2O3 flame spray which 
was subsequently applied to a thickness of about O0OI5". 
The flame spray was ground between centers to provide 
about 0,»0005" clearance for assembly into the threaded 
container assembly. Final machining operations in­
volved cutting to len̂ jth and reboring the annulus in 
the center lead to finished dimensionso 

Threaded Container Assembly 

Arc-cast colismbium bar stock was rough machined 
and subsequently vacuum annealed to remove machining 
stressesc The ends of the container were machined to 
accept the tantalum flange washerso At the same time^ 
the cesium inlet tube hole was bored through the wall 
of the containoro The columbium cesium inlet tube was 
welded to the container as a dry box operation^ Next, 
the flanges were weld-brazed to the ends of the con­
tainer in the remote chambero A flame-sprayed layer 
of •A-1205 was applied to the appropriately grit blasted 
exteMiai surface of the container.. By performing the 
welding, weld-brazing and flame-spraying at this stage 
in the manufacture, it was possible to compensate for 
the distortion resulting from these operationso 

Considerable effort was expended in the final 
machining of the threaded container assembly^ The 
requirements of close tolerances and a 2 BMS interior 
surface finish necessitated precise machining^ Numer­
ous special ;jigs, fixtures and gages were required. 

Other Converter Components 

The balance of the converter components was 
fabricated by more or less routine and established 
techniqueso A photograph of the completed components 
and assemblies is shown in Figxire 1̂  

All welding, brazing or weld-brazing employed 
in the manufacture of the FM-l conveî fcer components 
or assembly were performed in a remote automatic 
chamber or a dry box^ In each case, the container 
was evacuated to 50 microns or less and back-filled 
with 99=. 9995% welding grade Argon for a total of three 
times prior to performing the ooinjag operation under 
a positive pressure of Argons 

MND«294'̂ .-3 



^ • 

All parts were degreased, chemically etched and 
not physically handled prior to joining. Every effort 
was exerted to achieve and maintain maximtooa cleanli­
ness. Where applicable, joined components were mass 
spectrometer leak tested to 10-8 co/sec or better and/ 
or gammagraphed to insture integrity. 

Internal ceramic components with the exception 
of the finished inner anode assembly were vacuum out-
gassed at 1500^0 for one hour. It was not considered 
practioal to outgas the inner anode aflseably because 
of the design limitations of the 0.0005" fit. 

All finished components were subjected to a com­
plete quality control ini^ection and complete written 
reports were maintained. Components not confozming 
to specifications were rejected, except in cases in 
which it was certain the deviation would not affect 
the intended f^Inctlon. 

B. Assembly of Converter Components 

The initial step in the assembly of the 
FM-l converter was to determine the axial location 
of the top collar relative to the top cathodeo It 
was necessary to construct a positioning jig to assure 
the alignment of the bottom edge of the top cathode 
emitter to the edge of its respective collector. The 
various components were ass^abled over the jig, com­
pressed to remove all clearance and the location 
determined as seen in Figure 2. 

Following location^ the columbium braze 
filler was positioned between the top cathode and the 
top collar and brazed using the TIG technique in the 
automatic remote chamber with the aid of various 
fixtiares and chills as seen in Figure 3» 

A eeramic-to-metal seal and weld filler 
shim were positioned over the top cathode-top collar 
subassembly.. Precision copper blocks were attached 
to the flanges by means of three clamps with integral 
set-screws. These blocks served a twofold purpose: 
precise alignment of components, and adequate chill 
technique for welding, it was necessary to split 
and pin the lower chill block for location around 
the ceraaic-to-metal seal=> 
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The fixt\ired assembly was positioned in the 
remote welding chamber as seen in Figure 4. TIG fusion 
welds were made on the mating flanges at non-inter-
f ei'ing locations. The chamber was opened with the 
three clamps being relocated to the welded positions 
subsequent to making the final three welds. 

The coapleted inner anode assembly was 
positioned inside the threaded container. The prior 
subassembly with its accompanying weld filler i^dm 
and the tipper alignment insulator was inserted into 
the threaded container so that the end of the cathode 
fit into the hole of the eoiter lead. The end of the 
cathode was flared over and around the center lead 1^ 
exerting force on a punch supported by an anvil ex­
tending into the top cathode annulus. 

The lower flanges of the top cathode were 
welded by a similar procedure as described for the 
upper flanges. It was necessary, however, in this case 
to use two pinned chill blocks.. The fixtured assembly 
before welding is seen in Figure 5<> ^ e resulting 
assembly was mass spectrometer leak tested to confirm 
vacuum integrity. 

The bottom cathode with the lower alignment 
insulator and the center-lead spacer was positioned 
and locked inside the previous ass^ably by meaxxs of 
a threaded lock nut. The lock nut was first securely 
tightened and then backed off to give 0.020 inch axial 
clearance. The assembly seen in Figure 6 was gamma-
graphed to assure the pit)per inner arrangement. 

The bottom collar was welded to another 
ceramic-tonaetal seal in the remote chambero This 
subassembly and weld filler shim were located on the 
bottom cathode. The bottom cathode upper flanges were 
maintained in position by three small spring clips as 
seen in Figure 7° ^ e assembly was mounted on a motor 
driven turntable with the torch independently held so 
as to approximate the conditions of the remote chamber.. 
The clamp and wire attached to the device were used to 
establish a suitable electrical ground. 

The bottom ceramie-to-metal seal flange to 
the bottom threaded container flange was welded by 
the previously discussed method in the remote chamber. 
Figure 8 is a view of the assettbly with the alignment 
chill blocks and clamps in place in the remote chamber 
just prior to welding„ 

MND-2945-̂ 5 



Liter coffiptevixig whe soova weid , cbe d e v l r e 
a s ptctujced I n f i g u r e 9 was ieak t e s t e d t o confirm 
vacuiiODa t igfe tneas and gaffimagraph«?d t h r e e t imes a t 120^ 
i n t e r v a l s P o s i t i v e p r i n t s of t h « s e gammagrrapha ma^ 
be seen i n F i g u r e s J O , i i , and i 2 , 

FollowiJig t a e leak" t « s t asnd gammagraphs,, 
t h e Cfetslum supply assemt ' l jc F l g a r e 1 3 , p r ev iousay 
f a b r i c a t e d . , was clamped t o t h e p r i o r a s s ^ a b l y a s 
seen i n F i g u r e 14 and welded I n t h e di^- box . 

The complete*! fDM-l conver t e r^ showa I n 
F i g u r e i'j.. was g-lven a ifiaa.! masa spec t rome te r l eak 
t e s t . The r e s u l t s ©f t h i s t e s t and a l l p r i o r t e s t s 
were A f f i r m a t i v s w i t h no d e t e c t a b l e lealc a t a r a t e 
of 10=^8 c c / s e e . 

fbv(t p ia t inum-"pia t lnum. i0% rhodium thermo -
s o u p i e s t o m o n i t o r t h e anode t e m p e r a t u r e s were re= 
s i s t a n c e s p o t welded to t h e a x f e r n a t s u r f a c e of the 
t h r e a d e d <"oataiaer af t ;er f i r s t ' " a r e fu i i y r ^ i o v l n g 
a smai.j. a r e a of t h e i n s u l a t i n g AJ.2C3 layero These 
<*oupie8 we.re l o c a t e d t o co r respond t o t h e p r e ­
v i o u s l y p r e p a r e d groo'ves on t h e i j acemal d i ame te r of 
Che s p i l e t h e r m a l s l e e v e which was t h e n p o s i t i o n e d 
I n i t s p r o p e r i o c a t i o a around t h e th readed conta inex ' 
of t h e d e v i c e a s seen in F i g u r e 16 

Two o p t i c a l t®asipei*ature viewing s l e e v e s 
were p o s i t i o n e d i n each of t h e ca thode a s s e m b l i e s 
w i th t h e e l d of spec iax t o o l s a s seen tn F igu re 17 
The ass«t tb ly was p o s i t i o n e d i n t o t h e anode t e m p e r a t u r e 
c o n t r o l and i n s t r u m e n t a t i o n hous ing a s seen i n F igu re 
18c F i n a l a s s ^ a b l y i n p r e p a r a t i o n f o r i n s t r u m e n t a t i o n 
and t e s t Invo lved t h e i n s t a l l a t i o n of t h e upper and 
lower c o n t a i n e r s , outpu-c l e a d s and e x t e r n a l vacuum 
plumbing 
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I '̂  :• ^^A'fo .cta&ncig_ T^ti i .ixig, of ^ vJJ,e_ jj BM̂ --1 ̂_ Cgnvex-1fcg 

> • Fre-^tegc , P;ceoaratioii.6 

T>-i,e FBM-1 con i re r t e r was d e l i v e r e d t o t h e 
Eaergy Co-DYuraltm L a b o r a t o r i e s by che end o.f May 
ftompietely asaembled ajod gammagraphed„ The geometry 
of: the d ev i ce s a t i s f i e d d e s i g n r equ i r emen t s a t t h e 
cime lii t h a t sh© 9m.i t ters were we l l c e n t e r e d w i t h i n 
fcheir c y l i n d r i c a l o io l lec torso 

The d e v i c e was inBtrameixted and ins ta l lcKi 
in chft vacuum feest chamber fo r evacuaeion and b a k e -
ou'G:, S e v e r a l a>i,:«ior -'/acuuia. l e a k s In t h e t e s t chamber 
deia^^ed t h e i n i t i a l b a k e - o u t p e r i o d . A f t e r 50 hou r s 
of o a t g a s s l n g t i m e (up t o temperatrorea of i66o*'K)^ 
i t was no ted thmC Dicd& #l*would .Lntens i i t t en t ly 
s h o r t - c i : r c u i t i n t j e r a a l l y . depending p r i m a r i l y on 
t e m p e r a t u r e ichanges i n th.& eaLitt^r^ A l s o , I n & f?old 
cond i t ion , , t h e r e was an e x e e s a i v e amount of p l a y i n 
t h e a a l t t e r of .Mode #1 «viden?5ed by r e a d i l y caused 
open- and shoTt'- cire^ri . t -condi t ions when f o r c e was 
a p p l i e d on t h e tesaitter l e a d and seaic. 

The ffiodiiLlts w&g removed from fche vacuum 
t e s t envelop© and gaaaaagcaphed. Care fu l somparison 
of t h i s gaamagraph w i t h t h o s e p r e v i o u s l y t a k e n 
showed t h a t t h e e s a i t t e r of Diode #1 was no t l o c a t e d 
p r o p e r l y and t h a t i t s a i ignment p i n was no t l o c a t e d 
i n t h e c e n t e r a l ignment ceramic . Th is p e r m i t t e d t h e 
e m i t t e r t o move sideweya due t o thermal, expans ions 
and cause t h e d i o d e t o s h o r t - o u t e l e c t r i c a l l y . I t 
was de te rmined t h a t t h e c o n d i t i o n could only be 
remedied by di6asseffibly<. 

The d i sa s sembly was accomplished by c u t t i n g 
t h e weld between t h e e m i t t e r l e a d and t h e s e a l f l a n g e 
of Diode #1 and r ^ i o v i n g t h e s e a l by c u t t i n g off t h e 
edge weld of t h e s e a l f l a n g e n e a r e s t t h e c o l l e c t o r a 
A l l '"oaponents removed ( e m i t t e r , c e n t e r ceramic 
spacei'-i, and s e a l ) sppeaared t o be i n e x c e l l e n t cond l " 
t i o n wi th no evl,dence of s u r f a c e d i s c o l o r a t i o n or 
a l t e ra t ion , - . 

*The l e f t - h a n d d iode shown i n Mai ' tm drawing 390-
0790116,. reproduced i n t h e p r e v i o u s Quar'^arly 
T e c h n i c a l .Progress Raporfc, i s dea ig i ia ted as Blode #lc 
The r i g h t - h a n d d i o d e i s d e a i g n a t e d as Diode i#2. 

ffiJB"294-5- 5 
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Examination revealed that the retaining ring 
which provides for the final location of the eaaltter 
of Diode #1 was backed-out excessively (two turns, 
~ 0e040'*) and allowed the emitter locating pin to slip 
out. of the colter ceramic spacer. It Is uncertain as 
to whether this ring worked out these two turns during 
the ABsembly process or was Inadvertently located in 
reference to a "false bottom" during the installation 
procedure. 

Since all components were still in excellent 
coxulltlon, the device was reassembled. A locating tab 
(fabricated Into the closing seal flange welds) was 
added to prevent accidental turning of the retaining 
nng» 

Following reassembly, the converter was 
at^dn stibjacted to the evacuation and outgasslng pro­
cess. Behavior of the modules looked normal and the 
vacuum characteristic cuzrves, obtained with an AC 
sweep voltage displayed on an oscilloscope, possessed 
the classical shape for vacuum diodes. 

After 113 hoiirs of outgasslng (Including the 
50 hours prior to the disassembly discussed above; at 
pressures of 6 x lO"? mm Hg while the emitter tem-
pere^tures (Tg) were at 2000*K, the device was cooled 
down for the crimp-off operation. After breaking the 
cesium ampule (with the device cold and at a pressure 
of 8 X 10*3 am, read at the ion gauge), the module 
was valved off and crimped-shut twice with each crimp 
seam-welded. The final distillation of cesitm from 
the glass ampule container into the water-cooled 
cesium reservoir was carried out and the ampule sec­
tion r«ttoved. Bj early July, the FDM-1 was operated 
as a cesiiim plasma thermionic converter. 

B. Performance Testin^^ 

After cesium distillation, the FDM-1 con­
verter was operated for 350 hours of which approxi­
mately 150 hours were at conditions to produce greater 
than 1 w/cm2 from the nominal 15 cm^ area of each 
emitter. For approximately 5 hours of this time, the 
device produced nearly 2 w/cm^. 

MirD-2945-3 
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Baring the out-gassing period and inltia.! 
operation with cesium vapor, ead-tter temperature 
calibration data (shown in Figare 19) were obtained. 
While the glass viewing plates were clear, measure­
ments of emitter temperature (optical pyrometer -
Leeds and Northrup at 0,06 u) as seen by means of 
Che sight ring holes were taken and plotted against 
fcotal pow«»ĵ  input into each diode. It must be 
unders'nood that these are the tanperatures of the 
sight ring-emitter inner wall at the center of the 
emitter and are not the actual emitter surface ten-
peraturee over the entire emitting surface. The 
actual emitter t^itperature profile may show a 50 
to 100®K drop near each endo 

It has been found in the past that such 
a curve does give good consistency between ruî s 
and is a good indication of variations in operating 
conditionso Actual emitter surface temperatures 
are quite diffictilt to obtain with accuracy in the 
cylindrical configuration. For the conditions of 
measurement (utilizing a calibrated optical pyro­
meter sighting into a reasonable "black body" sight 
hole) the temperature of that area of the aiitter 
is believed to have an accuracy of 4 50*K, 

There is no obvious reason ^fdxy the same 
power Input density should produce higher emitter 
temperatures in FDM-1 than in Test II-2.* Several 
speculations do exist, however, that (1) the Fiai-1 
collector twaperature was purposely made hotter 
(based on prior experience obtained during the 
testing of the Test II-2 device* a higher collector 
temperature appeared desirable for improved per­
formance), and 2) smaller thermal conductivity 
of th« TM)2 molybdenum cermet might produce 
a higher emitter sight-hole temperatiire for a lower 
power input density. 

Temp era tiires and oesiua pressure in the 
FM-1 were raised gradually and device performance 
was normal:. Figure 20 shows one of th© early output 
characteristic curves obtained f/ĵ m FDM-l.:, Maximum 
power output is seen to be aboufe 1 w/cm2 at Tjj 2̂  
1640®K (obtained from Figure 19^ and optical 
pyrometer readings)o 

'̂ '̂ est II-2 is a double module converter of the eame 
design and electrode materials as the FDM-l, but with 
12.5 cm2 emitters and no UO2 fuel It is operated 
under a Martin»-sponsored program.. For detailed test 
results, see Martin report MH.I-GaP~5067, Compact 
Reactor Program Quarterly Progress Heport^ lumber X. 
April through June. 1965-

MND-29̂ i-5>3 



By i.̂t'e iB'»ddle o£ July, the FDM-1 roavertec 
was operated a« its highest Cemperaciire to d&te and 
these resu.rfcs are shown In Figure 21.. Here devlfe 
performance xa nearly 2 vi/em^ and. if Dnternai power 
losses were considered, the power outptit of, the 
indj.vidual diodes would be well over 2 w/cm2. These 
curves compare favorabiy with Test IT«2 data as 
shown in Table T̂  . 

TABLE I 

fm-l 

1'eat IX-2 

PDM-i 

Test iI-2 

nnd 

Diode # 

1 

1 

2 

2 

The € lfcOV€ 

Test 

^Cs 
°K 

570 

570 

570 

570 

i date 

11-2 Converters 

*»£ 

2000 

19*0 

1 9 ^ 

1900 

I <-!?.<• o r d 

p . 

w/cm 

1.7 

3 93 

I 63 

1 54 

-itie to 

\ 

a/cm 

2,85 

3.0 

3̂ 7 

2 8 

Test II 

^o 
volt 

0.60 

0 63 

0 50 

0 55 

2̂ 
c u r v e s a r e no t a t the optA.muai c e s i u a temperatur-e i'S^J 
For t h e s e v a l u e s of Tg, t h e T^g should have been ^" 
opbimtm a t aboa's 575*'K<. 

From fche ve ry b e g i n n i n g oi operacu on of 
yDM~l^ i t ha s been no ted fchat open^ cS/ r ru l t v o l t a g e s 
have been quj ^e h i g h ( '*\oae t o 2 v) Th i s i s "che 
f x r s c d e v i c e fcioabje modttle sype'^ wh1>'']i h a s ©apioyed 
a ba^k emissiofi. s h i e l d end c a n t e r l e a d s t r u c t u r e 
which was des igagd co i^'educe fch® l o s s e s of Diode # J 
Th i s ^'culd accoun t fo r t h e l a r g e r open '•ir^'iiit; v o i t a g e i 
f o r Ti^ode #1 The iSi^reaae -^B Oiod® #2 open ciT-cuit 
v o l t a g e i s p r o b e b i y due to savf&^-e e f f e c t s 

The bHCir eailssloQ ehioCd has apparenfe.iy 
f ' l imiaa ted t o a l a r g e ex leao t h e po^er l o s s obeorvea 
in t h e f i r s t doubie r iodaie («5he M&roln Tes^ TT devi'^e 

'' DeisailB of tij© opo'caiJo/i and tfi&t i-e&uJi.s of si e 
Tes t l"! dotT^'-'n a r o gfvea ^n Ma ttla repor i IfNf ' l ^p . 
453'?. ''Goispa''t i^ea 'cor Vro^r'aa Lya&v'^ev j i'^ivg.-ess 
Hepori; " KuraLar VICT Ort,obc;i hio'igb ^^e't^ir>',ji'\ sSoJ 



11 

and no further change in the inteimodular region is 
indicated at this time. However, the cesium vapor 
passage holes still present line-of*sight passage 
for electrons from one emitter and gap to the othero 
For a further improvement in efficiency, the holes on 
the intermodular lead should be offset from those on 
the back-*emisslon shield. 

In the ?M«1, as discuBsed previously, some 
effort was mad© to provide hi ght?r collector tem­
peratures in both diodes. This involved removing 
about 0.003" from the outer diameter of the inner 
copper coolant sleeve* There is a possibility that 
this may have had th© effect of increasing the open 
circuit voltage generated in each diode« 

Figures 22 and 23 are plots of output volt­
ages vs TQQ with output ciarrent as a parameter. These 
plots were obtained from photographs of the AC sweep 
characteristics of each diodo with the AC sweep being 
applied to the series connectioue Figures 22 and 23 
have the appearance of a normally operating diode. 
Also shown on these figures are curves of constant out­
put power. 

During operation, the characteristic output 
curves were observed while changes were made in the 
collector temperature. The FDS!-»1 employed the helium 
pressure envelops typo of collector temporatruro con­
trol. This mechanism for control of the contact re­
sistance between the coolant and the collector per­
mitted a maximua change on the external collector 
surface of about 50®K. This amount of change in 
collector temperature (TQ) did show thai; the TQ with 
a vacuum in the envelope (lowest effective cooling 
path obtainable) is atill lower than optimum. However, 
since output changes we.re alight., the departure froa 
optimum should b© ainiaal.. The design as it exists 
will permit optimization of To as the output poi?er is 
increased to the range of 5 to 7 w/ca2« 

Further analysis will be made of the pe.r-
forsiance ohai'actoristics observed during unbalaneed 
and off-optiaum operating conditions and the results 
will be included in the final technical repor^o 

M!II«"29-K5-3 
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t'oxiCiyc K,ed Lc i-i'.eis.ti ae •_ ^u e r r o r exi&'.a l~j s h t d f s i g a 
T>)e eioitv.er of Bsoae ^'i w i l i !.»-, r^saoy^ed cc eyasiine fb<-
i n t e m a i svru<'c.'Jirs^ If i c l a i)i a -^oaditloQ t<iuttAbie 
fo r r-epair , r e p a i r wi i^ be p-ai-tortned aad fcha dipvl^'^ wi 11 
biM i'e-et?a'*'-5iated -Mid re'^iiarged wi th res ium, 'lo ' 'he o t h e r 
hand, i f no Icaerenfe f a u i t s a r e found i n t h e p r e s e n t 
d e s i g n and r e p a i r i s .aot a p p r o p r i a t e , zhe d e t a i l com--
p o n e n t s f o r t he b&'^K-up Gevi'*-.© •''F1M-'21 wl^l be assembled 
and made ready foi ' t e s t i n g Tn t h i s " a s e , d e t a i l e d 
a n a l y s i s and examina t ion of ^he F lU- l w i l l be p e r ­
formed.. 

The imporj/ant "oti'^-iUsLons of The ?BM-i pe r ­
formance t e s t s Co dat-sf s r e* 

a, The a e r i e s opex"a».lon of thenaionl*" d iodes i n 
a ''ommon '^esium ©nvtronaent i s f e a s i b x e . I n a d d i t i o n , 
t h e performan'"'© r e s u i t l n g team, aw'h a mode of o p e r a t i o u 
18 ' 'omparable c© t h e "umula t ive p e r f o r a a n ' e observed 
from t?wo s i n g l e d i o d e s opei 'a ied Ind iv idua l . iy 

b- No s i g n l f i ' ^ a n t d l f fe renc ' e xa the rmionic 
perfor taaore ims been observed beeween fueied and on-
fue led double module c o n v e r t e r s 

C P iaaa .for &he Kext Q u a r t e r l y Per iod 

An examina t ion of the FBM-i c o n v e r t e r wixa 
be performed t o d e t e r m i n e i f a d e s i g n change i s 
n e c e s s a r y a n d / o r a p p r o p r i a t e r e p a i r p o s s i b l e Com­
p o n e n t s f o r t h e back-up dev i ce fFDM-^) w i l l be s u i t a b l y 
modif ied s-nd assembled i f r e q u i r e d and t e s t i n g resumed 
Conve r t e r performance d a t a w i l l be e \ ' a lua ted and a de­
t a i l e d examina t ion performed a t t h e conclusxon of 
t e s t i n g . 

J:UIJ"29«'^ ^ 
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III Evaluation of Ciad Fuel PeJiets 

A, Thermal Endurancee Teat 

Prior to thermal endurance testing the pre­
viously fabricated pellets were first individually 
sealed in a tungsten capsule containing an argon 
atmosphere.. Each tungsten f^apsule was in turn sealed 
in a tantalum capsule that also contained an argon 
atmospherco The double container technique was used 
to ensure ':;omplete Isolation of the test pellets from 
the furnace atmosphereo The furnace used for the 
therraax endurance test was of a graphite resistance--
type with a dynaiaJ.*̂  argon atTaosphcrOo It is not 
general pro'^edure to teice such elaborate precautions 
to prevent carbonization of refractory metals in 
this furnace for normal development or production 
work^ but the encapsulation described above was con­
sidered highly advisable in view of the long dwell 
time at temperature and the nature of the work. 

The encapsulated peile&s were stacked in an 
open end graphite boat with their long axis horizontal 
The pellets were located in such a manner to permit 
utilization of the normal temperature gradient in 
the furnace to give theitiai oadui'ance data at severax 
different temperatiires-. Direct temperature readings, 
taken three times a day with a micro-optical pyrosieoar„ 
showed temperatures of 1550» 1500, 1450 and i^^^C 
for four of the pellets.^ while the i;wo remaining 
pellets were estimated to have been between J 450 and 
1500*'C„ The endurance test was run for 500,5 hours 
at equilibrium. By mutus L agreeiaent; the thermal en­
durance test was run for 500 hours instead of fcha 
originally scheduled 200 hours in order to duplicate 
the planned fueled double diode operating time and 
to increase the value of the materials coffipa';ibixit7 
data obtainedr 

^ ̂  JPQ.S i;iS&«SiS§:i™̂ 4yf2S,S£li! ./feat.,, Ê .?aiiua. ti on 

Figure 25 shows ^he thera ia i <^on.&wiiv\v,f 
vs„ t e a p e r a t u r c " u r v e s f o r t i e t bexuial "•Oiidu<'̂ i>,ivA^y 
specimens both be fore and a f t e r >^h® -cheriaai endu-can-'e 
t e s t compared to t h e Ghoraia.l roridv'^cxvii.,v o>- pu re 

I£i:(D-2-''J~.-^ 
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moiybaenum and diawerfcd ara£>iun dioxide^ The spread 
between the two "urves is not signiricanx: when the 
general precision of thcrtaai conductivity measurements 
is conBldered> However, the slightly higher thermal 
conductivity of the pellets after the thermal en­
durance test could be attributed to sintering and 
grain growth in the matrix of the cermet-. The signifi­
cant factor in this phase of the work is the fe^^t 
that the thermal condu'^tivity does not decrease with 
exposure to high temperatiires for extended periods, 
A decrease in thermal conductivity with increasing 
operating time woold act to further Increase the 
centerline temperature of the fuel, and increase the 
amount of fission gas release in a reactor environment. 

2c Eiectri'^al Restscivlty 

The thermal condu-^tivity test specimens 
were also used as test spe^'imens for the deteimination 
of exectrlcal reslBtivity. The electrical resistivity 
was measured on ea'^h pellet, both before and after 
ohe thermal endurance teste Ea'^h pellet was "lamped 
between copper bars, and a current was passed through 
the pellet. Txingsten probes were used to measure 
the potential drop a T o s s a aeasui'ed length of the 
pelletc The results of these measurements era pi-e-
sented ia Table IIo 

These experiiaeri«;ally deterralned re­
sistivity values all fall within a factor of ten of 
the published value for pure Eiolybdenum (5 7 x 10~^ 
ohm-cm). It appears that, as in the case of chermai 
conductivity, the molybdenvna xn the matrix of the c c -
met makes a significant ^contribution to eleftricsi 
conductivity,. The fact that the variation in re*-
sistivity with meterirg '--urrenb was smaller after the 
thermal endurance test is again indicative of sinter­
ing of the molybdenum in the uatr'ix of the '^oriaei 

5-̂  Hex-driess j-'̂ a.tueg of tJbe Claddlup; 

The befora and af :er thermaj e^iuurau'- "> 
hardness values do not reveai ony precise qaann-i-
fcative data due to the rathe^' iargc Yar^Bt±orx3 in 
readings on each discreta p@ij.ob . Tn general ., the 
variation in hardness was mu'-h greatei' 

MI'Tji«.d9̂  ̂ ^-5 
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ELECTRICAL KESTSTIVITV- T-RIOR TO THiiJEMAL ElfDURANCE TESTING 

Tramps) ^V(mv"l R(ohms^. P^'ohm-cm^ 

Sample I ^ 8 5 0 28 5 . 5 8 x 1 0 ' ^ 6 . 5 1 x 1 0 " ^ 

2 4 1 0 . 0 S 8 2 . 4 1 X lO"*-' 4 . 2 4 x 10~'^ 

I . 26 0 0 2 2 V,75 X 10 ' ' ^ 5 . 0 8 x 1 0 ^ ^ 

Sample IT B . 8 5 0 29"' 5 ^6 x 10 "̂  6 . 0 2 x 1 0 ' ^ 

1 , 2 2 0 . 0 2 ^ 2 V'l X .10'^^ 3 . 9 5 3C 10"'^ 

0 86 0 0 1 4 1 I.} X }Q ^ 2 91 :̂ ' JO"^ 

MiEOTRT CAL IfflS'^STIYV?! AVTEB '.''HEiaiAl^ ENX)lJH.Al\'c*E TSSTTHG 

Sfimple T 

Sample I I 

K a o t p s ) 

6 - 8 0 

2o58 

1 0 0 

8, 9 5 

2, 40 

J . 00 

^Y(mr) 

0 2 8 0 

0, 0'~'6 

0.0>^-5-

0, 200 

0, 062 

n , 0 2 6 

li(' .im.y'i 

5 -18 (• 10" 

5 19 - 'C" 

3. MO X .'.0 

2 25 >- 1 ' . ' 

2.. 56 X IL 

2- 60 >: 10"' 

•5 

"5 

-5 

-5 

>* 

• 

.:-'oba-c-:n' 

5 76 X .10"^ 

5 78 >:• 10" 5 

6. 16 X 10""^ 

4 . 1 0 >: 10* "̂  

4 7^ .c i.O"^ 

4 , 73 r t O ' ^ 

IY-. \<„yqi!.c„-
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after the themiaj. endtiraace test and usually was much 
greater than the average change in hardness^ The re-
sult§ of the test, shown in Table III, do indicate 
that the hardness of the cladding is decreasing as 
the amount of reciystallization increases.. The data 
are not sufficienfaly precise to warrant further de­
ductions » 

*" Dimensional Stability 

The thermal endurance test pellets were 
indexed with a series of microhardnese bench marks 
in such a manner that three diametrical measurements 
were made at the center and each end of the pellets 
The bench mark system is illustrated in Figure 26o 
The meastired. dimensions of the test pellets are shown 
in Tables IV and V and their visiial appearance is 
presented in Table YI<. The data indicate that the 
dimensional stability of the pellets was good„ 

5- Materials Compatibility 

All of the thertaal endurance test pellets 
and the thermal conductivity saiaples were sectioned, 
aetallographically moimted and polished for materials 
compatibility evaluationo The combination of the 
thermal endurance test specimen, the theimal con™ 
ductivity test spcy^imen, th© vacuum emission test 
pellet, and the fueled thermionic emitters will pro­
vide materials compatibility data over the temperature 
range 13̂ '-0®0 to 1670**C upon coapiebion of the progrcra 

Hon© of the thenaal endurance test 
specimens showed any evidence of dif.fusion of tĥ 3 
uranium dioxide through the aolybdenum'^-1/2% ticanluta 
alloy eXaddiag. The t^aiperature range covered by 
these pellets ran from 1540 to 1500*'Cc, Photoiai'To-
graphs Ox a typical cladding->"fuel interface of ea<*h 
of these pellets are shown in Figures 27 through 51o 
Definite evidence of diffusion of ux-anlua dioside inx:o 
the molybdeaum-1/2^ titanium alioy fladding was 
obsê 's'ed in the thermal conductivity specî meas that 
were exposed to a temperature of 1550*'C during iihe 
5000 hour thermal endurance teste Figures 32 and 35 
are representative photomicrographs of areas of the 
fuel-cladding interface of these pellets and illusfcratc 
that the observed c!iffueion is vary similar in natui'e 

MNB-294=-̂ ^ 



TABLE III 

Microhardness values of the thermal endurance pellets before and after the thermal 
endurance test - all hardness values are in Rockwell B scale. 

Ha3̂ iness Values 

Specimen 

147-2 

147-4 

147-7 

147-'1 

147-10 

Endurance Test 
Tem-^eraturs 

Pre™endur«nce 
15̂ V0«C 

Fre-endurance 
1̂ K30**C 

Pre-endurance 
1450 - 1500'>C 

Pre-endurance 
1450 " 1500-̂ 0 

Pre-enduranc e 
1500''C 

Position on Pellet^ 

79 80.7 81„5 
89 78 75.5 

82,2 
75.0 

87o8 
85*5 

84.2 
69.0 

87.8 
62.0 

81.7 
69.0 

86.7 
85^5 

86.0 
77.5 

86.2 
76.5 

85.-2 
77^5 

85»5 
82.5 

85-5 
84.0 

80.7 
77.0 

Maximum 
Variation 

2.5 
13.5 

lo5 
8,5 

2.3 
1.0 

1.8 
15.0 

7ol 
15.0 

Mean 
Hardness Value 

80.4 
80.8 

82.4 
73-8 

86.7 
85.2 

85.2 
76.8 

84.9 
71.8 

Change in Mean 
Hardness Value 

+0,4 

-8.6 

-5»5 

-8.4 

-13.1 

See Figure 26 for position locations. 



TABLE IV 

Pre -and P o s t - T e s t Dimensions of Thermal Endurance Test P e l l e t s 

Eadva'ance Tes t P o s i t i o n 
j3?em|;erature_ ( O ' c l o c k ) 

Diameter Measurements, inches 
1 2 3 Average 

P r e - t e s t Values 12 
4 
8 

Average 

^ 5 0 
5048 
§049 

5049 
5049 
504Q m 

.5049 
o50^^8 
,5050 
7W^ 

.5049 

.,5048 
/5049 

1540°C 12 
4 
8 

Average 

5050 
5047 
5050 

., 5049 

5043 
5044 
5045 
504^-

5043 
^ 4 5 
5045 
50^14 

^5045 
.5045 
..5047 

"D- ?8-'r.es-i; Yalues 12 

8 
Average 

.5050 

.5050 
^ ^ 
. 5050" 

.5050 
. ^ 5 0 
..5050 

5050 

-5050 
= 5050 

5050 

5050 
.5050 
.5050 

I'̂ iOO '̂C 12 
4 
8 

Average 

'K)50 
5050 

.5050 

.5050 
.5050 

. . ^ 5 0 . 
.5050 

' 5085 
0.5050 
^050 
->5062 

,5062 
.5050 
.5050 

P r o - t e s t Values 12 
4 
8 

Average 

-5049 
.50^-9 
..§042. 
~'5049 

.5050 
.5049 

3 0 ^ 

5050 
5049 

. 50^ 
.5050 

.5050 

.5049 

.5050 

1450 - 1500^^0 12 

S 
Average 

5049 
5049 

5649 

5050 
5049 
.5052. 

.5050 

.5048 

.5049 
,5050 

.5049 

^5049 
-5049 
.5050 



i'A 

ijgecimen 

( f4-'-'~-

J 4 7 « 9 

Mi^^'^Q 

' •" '' '' c 

E n d u r a n c e T e s t 
Temper a t .ure 

"̂ ".̂ c-i - fc 0 21. ;' ?, I ;;.e i" 

-J 4 5 0 « iSOCC 

p7 '9" osc V«.taer 

i f̂ GO ^C 

TABLE 

P o s l G i o n 
X 0 " C i o c k 2 

4 
8 

Average 

i? 

.1 ? 

8 
Av©rsg© 

c 
c 

TV - CONTINUED 

D i a m e t e r 
1 

. 5 0 5 0 

. 5 0 5 0 

.,5050 

-.50 so 
. 5050 

' ,' - .̂  -

,,5050 
.50'-9 

--^m^ 
c 5067 
. 50&M-
,S060 

Mea< Ssirement-s 
2 

^5050 
•5050 

^.5050 

» ^ S 0 
50^} 

i n c h e s 
') 

.-5049 

. ^ 5 0 

5050 

^̂ O^̂ O 
5050 

5.050 '?u50 
50 5C' , 5050 

- 50A!-9 5049 

. 5050 
5050 

•52fii^ 

-5050 
5050 

„ ^ ^ ^ o 

M S £ M £ 

. 5050 
5') .5"̂  

^050 
5w50 

.5056 
^5055 

^05'-

'̂,̂ 0 n.rcl: 1,0 wingsiea con ta ine r . The i s o l a t e d high .reading for th® diameter of specxmer. 
??;v «s. an its^es wh®r© t?he p e l l e t stuck t o the eungBten capsule 
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Pre -and Post-

Specimen 

147-2 

147->4 

147--7 

1^7-9 

147«.10 

-Tes t l e n g t h s 

Pre-I?es"C 
Length.: luo 

1..594 

1.420 

lo518 

1.562 

l o 3 5 ^ 

TABLE V 

of Thermal Endurance 

Endurance 
Tempera ture , 

13W 

1400 

1450 - 1500 

1450 » 1500 

1500 

-!£ 

Tes t P e l l e t s 

P o s t - T e s t 
Length , luo 

lo394 

lo422 

lo319 

1.564 

lo355 

TABLE VI 

Post-fest Visual Appearance of Thermal Endurance Test Pellets 

Specimen 

147-2 

147-4 

Endurance 
Temperature-r. ."C 

1340 

1400 

147«7 

147=-9 

147»10 

1450 -' 1500 

1450 - 1500 

1500 

Visual 
Appearance 

Bright with no visual changeSo 
No large grains evidento 

Bright, some dxill spots due to 
the pellets adhering to the 
tungsten cepsuleo Some grain 
boundaries visiblec 

Bright with no visual defects,5 
no grain boundaries visibleo 

Bright;s some grain boundaries 
visibleo 

Bright-;, one small dull spot on 
end cap and side of pellet from 
adhering to tungsten capsule. 
Surface showed a fair amount of 
grain boundaries^ 

MND-2945-3 
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ri^-^'orrta ^^n > w-s ^^-r^viO'iB quari-erj.j report The obsiji'-ve':' 
di^fuajo/i i«j »:fee cjfiddir.R -jf these p e i l « t s dxiffered 
irom tiiac obs«»i-5-'d IQ tiie vacu»i!& &miBBion t e s t j ieiieo 
in x>b*ix^ tx. wti« ^vei.i.iy distr ibixteo «rith respect to 
tooa.iioQ aad<, xu fo<..sE« r a s e s , f>.ad x*^tiietr*?ted tht? f a i l 
5 ml is of c iadding. Ttie ' i i f fusion previously ooserved 
in the vacuum effiieslon t,sat pe l le t . , coaverseiy , appeared 
to occur p r e f e r e n t i a l l y with respect t o location-. This 
d i f ference i n uDifoneity of dif fusion appears to be 
r e l a t e d to the c«aip©x''axure di s t r l b a t i o n during tes t ing. . 
For the ichermal conduct iv i ty speciiaens, a f a i r l y un­
iform 6emp«eai^u.r© a i s t r i b a t i o n was maiatalned whereas.. 
In fche case of &ne vacuum emlsalon t e s t pe l le t . , tem­
pera tu re g r a a i e a t s «er@ pres«nfe (Ste Figure 34). 

^"^everai Important Tae t o r s masfc be con­
s idered before arcfepsaace of the- D&served diffusion 
of uratitim dioxld« throagti "Che ffloljbdenum->l/236 t i taniuia 
aii03> •" Bci bfj A'*copve4 as 8. v l r t a s i uersaintyo The 
f i r s t far cor i s t h t stolehtoiseicry of fehe uranitas. dio3cJd« 
I n th€j s t a r t i n g fa&i fons systemo No p r e c i s e quanti ta» 
t i v e aXiMijBlB wa.& xaa on tfeie s t a r t i n g mater ia l to 
dei>ecwine the exaeit o-xygeu c©at«Hi'» Th« stoichiometry 
of the uranUm dioxide with respe t to o.xygen content 
may weil be a -fTrtlcaj. f ac to r assoc-i&tea wiieb the 
observed di,f fusion. The stpachaoaietry of &he moiy-
bdsuuHi-ooated spher i ca l uranium d.ioxide used In t h i s 
work wi l l be deteiTBlned by wet chem.irai anaxysts in 
t he near future 

T'ije second fac tor i s tha t s t a i n i e s s 
Bteei-, in ^ a l l amoua&s, i s jmown to be introduced la -
to the woiybdenum used to coat t h e spher ica l urajaium 
dioxide during Ov.r" "i-n house" p ropr i e t a ry coat ing 
process The exact or average laaoont of s t a i n l e s s 
st-eei pick up i s not. Known,, but wi l l be spectrograph!-
caviy dscersiined s b o r i l y 

^ .Y^?J^"^- .l^.ig-^iPi^.-..!?.g.g.E.....?g^.l-.-|f£ 

Based on fche rtf8Ui&s of che at-^roscopic 
examination of the sectio-ued va-ĉ tum eaJasion t e s t 
pe l le t . , described la the previous ly quar te r ly reporv 
add i t iona l ana lys i s appeared wacrea«.ed in. order t o 
fu r ther det;ei'miiie, i f p o s s l b t e . toe oxygac ff^onteat oi 



r,he uraniiom di'^xine or MraPî um '"•oapiex preecat in the 
ohaei'ved in '^luaious Ttieieiore represencat ive porvtois 
of che iaei.aiiogr'8phi("ally sef^tioned Tacuum emission 
pel l e t coniGatuing inc lus ions were c\:C from tlie i n i t i a l 
mount and sent t o Advanced Me .̂aJ.s Research Corporation 
for anal3?8ls by e l ec t ron beam mxcroanalysls, In addl t t 
a sample of s i n t e r ed oranium dioxide of Icnown s to icbj o-~ 
met;ry was Included i n the mount for use as a s t ands j ^ 

The elemen-cs present i n the gra in boundary 
In r iu s ions were determined by proper pos t t ion ing of 
the e lec t ron beam Uranjum, aliaainiflu, and i ron were 
found to be p r e sen t . Within the inc lus ions th«ftselves 
the presence of aluminum was accompanied by che absence 
of uranium and, conversely , the presence of uranium 
was accompanied by the absence of aluminum^ The 
aluminum-rich p a r t i c l e s o r a reas of the inc lus ions 
were i d e n t i f i e d as aluminum o:23:ide by v i r t u e of t h e i r 
v i s i b l e v i o l e t f luorescence , and t h e i r presence i s 
a t t r i b u t e d t o che use of h i ^ p u r i t y alumJ.na as the 
poJ ishing med-ln in the sample prepara t ion The p r e ­
sence of aliimlna in the inc lus ions i s prooably aibo 
a r e s u l t of p u l l out; of some of the o r i g i n a l uranium 
dioxide in the Inc lus ion during iche sect ioning and 
po l i sh ing operations^ 

The i ron thac was ider^tified was estimated 
to be present q u a n t i t a t i v e l y a t a level ranging from 
0,5 fco 0 .6 weight per'*«nt and i«,s occurrence and 
quant i ty did not appear t o be dependent on the p re ­
sence or absence of ei cher alumnxm or uranium A 
p l a u s i b l e expJacnation for the presence of i ron i n the 
inc lus ion i s the known iroD pickup which o'^'^urs dor^fig: 
iche process used xo coat the spiierxcal uranxtaa dxox'ac 
with molybdentxta. A. spe^trographic detei '©'nation of 
the amount of i r o n m a typical* sample of SBolybdenutn-
coated sphe r i ca l uranium dioxide w i l l be ponducfctjd 
a t Martin i n che near fucure 

A ca re fa i search of the iaciUGions. uajng 
the OM , OM , and UM̂  speccraJ eauission l i n e s , sfcowc-t 
the presence of u r aa iu s r i c h ai'aas which were quj te 
small ^^ela^wive to the sis© of tne ©nrire xncitisKon 
The s i ze of these a reas preciudud tbe possib"* i 1 cy of 
de^-<*ialaing thA vTecAse concent ra t ion of the tu-aniuKi 
or iTss s to l en oiaetry^ The uraniuai was quaij »ja txvely 
i d e n t i f i e d as oeing vvesenc as araniuu d io r ide by 

]M1J'2^'^' = -̂5 



v i r t u e of I t s fam*: blue v i s i b l e fluerescf^n^e under* 
exrita"cion by r.he eie^oroc beam B\irther ana lys i s 
appears inadvisable at ^h l s time since p resen t ly 
ava i l ab le techniques a re not; capable of providing a 
more p r e c i s e quamcitacive tma'lysxs of che composition 
of the inclusionsc 

D. Plans fo r the Hext Quarterly Period 

Future p l a n s , wlch respect to the ma te r i a l s 
phase of the program, ini^iude examination of the fuexea 
emi t te r s from the double module theimionic conver-cer 
upon completion of performance test ing, , No add i t iona l 
ana lys i s of the gx'ain boundary inc lus ions noced in che 
thermal conduct,Ivity t e s t p e l l e t s i s planned because 
of t h e i r s i m i l a r i t y to the ijaclusions noted i n the 
vacux3a emission pel l e t , and the lacJt of a s u f f i c i e n t l y 
p r ec i s e quan t ica t ive a n a l y s i s technique wi th which to 
conduct the invest igat ion. . Spe«"trographic ana lys i s of 
whe molybdenum coat ing on the spher ica l uranium dioxide 
Will be run on severai iocs of mafcerial to determine 
characxi ' ir ist ic I ron content i eve i s* and the st;oichi-
ome"&iy of t he molybdenum-coated uranium diojcide wi l l 
be determined by wet cheaJceJ analysis,-
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IVc. Advanced Module Design 

Work to generate the engineering design of an 
advanced double diode converter was initiated diring 
this quarterly periodo 

Ao Advanced Module Design Philosophy 

The converter design to be generated will re­
flect y where appropriate^ the incorporation of new 
materialsf component designs, and general arrangements 
which, based on the results of prior and current effort;s 
(double diode converter work including the PIM-l and 
its Martin-sponsored predecessors, Martin-sponsored 
single diode converter efforts, fuel form and fuel 
pellet development activities, and the fuel pellet 
vacuum emission eagperiment) appear desirable to obtain 
improved performance and simple installation and 
operationo The advanced converter will be designed for 
laboratory-type testing and be similar in configuration 
to the PDM-lc However* it will bo oriented as much as 
possible toward the presently anticipated requirements 
for a futxire in-pile test. Consideration will be given 
to modifications which will ultimately permit electri--
cally heated operation and check-out followed by in-
pi le testing of the same device« This dual operational 
approach is highly desirable since it improves the 
level of confidence in a par^cicular device especially 
during the initial phases of a development programc. 

Be. Accompli shments 

A critical review and evaluation of the 
FDM-1 converter design has been performed in the llghc 
of test results obtained to date. Some prelj-ninaiy 
modifications to the FDM-1 dei^lce which will be in­
corporated into the advanced coixverijer design have been 
established and include: 

a. Both collectors will be sprayod wi,th aa 
insulating coating to duplicate the exectidcal and 
thermal characteristics appropi-Iace to a muJ.ci-diodt; 
fuel elem&ic as opposed vo the x^^ssent desis-a In which 
only one anode is sprayed and che othar for^s an 
integral part of the casingo 

b= The arrangeiaent of the exterior com­
ponents used for waste heat removal wili be modified 
to pei-mit a more compact design compatible with the 
geometric requlreaencs of an in-pile test devicec 

MJS'D-294'?>-5 



C» Plana for the Next Quarterly Period 

During the next quarterly period, development 
of the advanced nodule design will be completcdc Draw­
ings presenting the detailed design of the advanced 
double diode converter and associated test fixtures will 
be prepareda The drawizigs will be siifficiently detailed 
to the point that fabrication could be initiated in the 
future. 

MND~29^5~3 
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Set tap for brazing top 
collar to top cathode 
in remote chamber. 



FIGURE 4 

Set lip for welding the 
top ceramic-to-metal 
seal to the top collar 
flange in the remote 
chamber. 



IIGUIE 

Set up for welding the 
top ceramic-to-metal seal 
to the threaded container 
in the remote chamber. 



IDM-1 assembly with bottom cathode 
located p r i o r t o gammagraph and 
subsequent assembly. 



FIGURE 7 
Set up for bottom 
collar to bottom 
cathode braze in 
dry box. 



Set up for welding the 
bottom ceramic-to-metal 
seal to the threaded 
container in the remote 
chamber. 



FIGUIE 9 

View of basic FBM-l converter assembly 
with leak testing and gammagraphing 
complete. ,i 



FIGURE 10. Gammagraph pr in t of the FDM~1 converter assembly. 
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FIGUIE 11. ¥iew taken 120* from that of Figure 10. 

FIGUHE 12. ?iew taken 120° from that of Figure 11* 
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Set up for welding the 
cesium reservoir to the 
device in the dry box. 



FIGUIE 15 

Completed FDM-1 f 
converter assemblyl 
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FIGURE 17 

Positioning an optical 
temperature viewing sleeve 
for insertion into the 
PDM-1 assembly. 



FIGURE 18 

The FDM-1 converter 
assembled into the anode 
temperature control and 
instrumentation housing. 
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FIGURE 19 

Pov/er Input @ Open Circuit 
vs. 

Emitter Temperature 
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Error in T̂ ,: i 50 °K 

100 200 300 400 500 600 

Power input/diode @ open circuit, watts 



t 
po

v 
ra

tt
s 

ft 
p 

8 

03 
05 

a) 
o. 1 
1 1 

0) 

p o 
-p 

ft 
p 
3 
o 

20 

10 -

0 -

80 -

60 -

40 -

20 -

0 -

f̂ 

4 

'N 
< : 

s 

\ 
\ 

< 

A Ov 

\ , 

t 
1 

c 

\ 

\ 

\ 
\ 

— 

\ 

E] 

0 
A 

D 

\ 

1 1 1 1 1 1 

FIGURE 20 
.ectrical Output Characteristics 

of the FDM-1 Converter 
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Electrical Output Characteristics 
of the FDM-1 Converter 
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FIGURE 22 

Power Output Characteristics 
of the FDM-1 Converter, Diode #1 

Tj, ~ 1850 "K 
T > 680 ''K 
ATP ~ 15 cm^/emitter 
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Cesium temperature, °K 

580 590 
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Power Output Characteristics 
of the FDM-1 Converter, Diode #2 
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FIGURE 24 
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FIGURE 25 

Thermal Conductivity of the UOp-Mo System Before & 

After 500 Hour Thermal Endurance Test at 1550°C 
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FIGURE 26 

Bench Mark System Used To Index The Thermal 
Endurance Test Pellets 



FIGURE 27 

Fuel-cladding inter­
face of specimen 
nvMbev 147-2, 500 
hours exposure at 
1340°C. 

Magn: 250X 

• FIGURE 28 

fuel-cladding inter­
face of specimen 
number 147-4, 500 
hours exposure at 
1400»C. 

Magn: 250X 
As polished 

^ -.watsw)*'' 



fIGUlE 29 

Fuel-cladding inter­
face of specimen 
number 147-7, 500 
hours exposure at 
1450 to 1500*̂ 0. 
Magn: 250X 
As polished MMSS 

FIGUHE 50 

Fuel-cladding inter­
face of specimen 
number 147-9, 500 
hours exposure at 
1450 to 1500°C. 

Magn: 25OX 
As polished 



FIGUHE 31 

Fuel-cladding inter­
face of specimen 
number 147-10, 500 
hours exposure at 
1500'̂ C, 

Magn: 25OX 
As polished 

i-IGURE 52 

Fuel-cladding inter­
face of thermal 
conductivity specimen 
number 1 showing the 
presence of inter-
granular diffusion. 
500 hours exposure 
at 1550''C. 

Magn: 250X 
As polished 
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FIGURE 55 

Fuel-cladding interface of thermal 
conductivity specimen number 2 showing 
the presence of intergranular diffusion. 
500 hours exposure at 1550*'C. 

Magn: 250X As polished 
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FIGURE 3^ 

Temperature Profile Existing During Testing of 

The Vacuum Bnission Pellet. 
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