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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 
owned rights.  Reference herein to any specific commercial product, 
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 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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This report was prepared as an account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, com­

pleteness, or usefulness of the information contained in this report, or that the use of any information, 

apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of 

any information, apparatus, method, or process disclosed in this report. 

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

contractor of the Commission, or employee of such contractor, to the extent that such employee or con­

tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 

any information pursuant to his employment or contract with the Commission, or his employment with 

such contractor. 
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Migration Studies of Uranium Through Pyrolyt ic Carbon - C. E . McNeilly 

The investigation of uranium migrat ion through pyrolytic carbon 

coatings on uranium dicarbide par t ic les has been continued using hot stage 

reflection e lect ron miccroscopy. In o rde r to overcome the problem of loss 

of image quality in the microscope due to evaporation of the graphite matr ix , 

s eve ra l spec imens were p repared by pneumatically impacting a d ispers ion 

of coated par t ic les in var ious re f rac to ry metal powders . The par t i c les in 

the tungsten mat r ix cracked on impaction; however, those in the tantalum, 

niobium, and rhenium m a t r i c e s appeared to be intact. 

Because of the seve re work hardening of rhenium during polishing, 

it has been impossible to obtain a sa t i s fac tory sample for examination. 

Time lapse niotion p ic tures have, however, been obtained for tantalum and 

niobium mat r ix s ample s . 

No reac t ion between UCr, and the PyC coating was observed in ei ther 

case , although it was quite apparent that the PyC coating on the par t i c les in 

the niobium mat r ix evaporated at a much fas ter ra te than those in a tantalum 

mat r ix . 

The most recen t work has been di rected towards a bet ter under ­

standing of the formation and adherence of the NbC coating used on the 

Rover graphite m a t e r i a l s . Since coatings can be successfully applied to 

unfueled, but not fueled graphite, hot stage microscopy is being used to 

detect any difference in the two m a t e r i a l s . Time lapse motion p ic tures of 

fueled and unfueled spec imens containing a t r ansparen t niobium coating, 

have been taken and do show some differences. S imi lar p ic tures a r e being 

obtained on uncoated samples and compar i sons between the four films will 

be made. 

A L 
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Niobium Carbide Coated Graphite Studies 

X - r a y Investigation - L. D. Johnson 

This X - r a y investigation consisted of a c rys ta l l i t e orientat ion study 

of the fueled and unfueled graphi tes (Samples 45-2181 and 01-1685-105, 

respect ively) and an examination of the diffraction pa t te rns of the NbC 

coatings on the graphi te . 

The crys ta l l i t e or ientat ions were found by X - r a y t r ansmi s s ion using 

the Norelco type 52495 pole figure device. The average crys ta l l i t e o r ien ta ­

tion, 9 , was calculated from the dependences of the (002) diffraction line 

intensity on sample position and orientat ion. The two t r a n s v e r s e direct ions 

were assumed to have equal concentrat ions of c axes . The re la t ive c rys ta l l i t e 

or ientat ion is 0, 22 and 0. 28, for the unfueled and fueled graphi tes , respec t ive ly . 

The unfueled sample was therefore significantly more anisotropic than the 

fueled graphi te . 

An at tempt was made to de te rmine the par t ic le or ientat ions in the 

NbC coatings by X - r a y reflection, but the rough surface texture and high 

X - r a y absorpt ion c r o s s - s e c t i o n of the coatings made this analysis unfeasible. 

Reac tor Rates - R. L. Gibby 

A study of the reac t ion between niobium and graphite has been initiated 

to de termine why high quality niobium carbide coatings can be routinely 

applied to r e a c t o r grade graphite and not to graphite containing PyC coated 

UC„ fuel pa r t i c l e s . 

Exper imenta l techniques a r e : 

1. p r e s s fitting a sma l l niobium pin into a graphite s leeve 

(fueled or unfueled) forming a diffusion couple 

2. soaking the couple at an elevated t empera tu re for a m e a ­

sured t ime 

3. examining the reac t ion zone with X - r a y diffraction, 

metal lography and mic roha rdness measu remen t s 
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At present , four samples have been reac ted at two different t e m p e r a ­

t u r e s . Two samples were heated for 4 hr at 1600 C, while two other samples 

were heated 4 hr at 1900 C. In each case , one sample contained fueled graph­

ite so that a compar ison could be made between the react ion r a t e s of niobium 

and fueled and unfueled graphi te . 

React ions occur red in all four specimens but were more l imited at 

the lower t e m p e r a t u r e . At the c i rcumference of the niobium pins two distinct 

react ion products were observed (Figure 1). Microhardness measu remen t s , 

with a Knoop indentor and a 50 g load, indicated that both phases had essent ia l ly 

the same ha rdness , with values between 1350 and 1780. The niobium metal , 

on the other hand, tested under identical conditions, had a Knoop Hardness 

of 96. In some cases , react ion products were located at niobium grain 

boundaries (Figure 2). Knoop hardness measu remen t s gave values of 1350 

to 1780 for these react ion products . 

At both t e m p e r a t u r e s there appeared to be no apparent difference in 

the react ion r a t e s of niobium with fueled and unfueled graphi te . Although 

the react ion products have not yet been identified, it is highly probable that 

they a re Nb„C and NbC, since these a re the only repor ted carbides of niobium. 

In continuing envestigations a polished flat diffusion couple is to be 

used in conjunction with inert boundary m a r k e r s . 

lAtT 
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FIGURE 1 

Reaction Zone at Ci rcumference 
of Niobium Pin Heated 4 hr at 1900 C 

lOOX 

FIGURE 2 

Reaction Produc t s in Niobium 
Grain Boundaries After 4 hr at 1900 C 

lOOX 

Neg. 441. 442 
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Magnetic F o r c e Welding of Graphite - C. H. Shaw 

Feas ib i l i ty s tudies on magnetic force welding of fueled to unfueled 

NASA Rover graphite e lements have shown that at leas t par t ia l bonding can 

be accomplished. F igu re 3 is i l lus t ra t ive of the maximum bonding achieved 

to date. 

Evaluation of most joints produced to date has been by metal lographic 

techniques using the sens i t ive- t in t photographic p roces s on those joints of 

par t i cu la r in te res t . Phys ica l tes t ing (tensile strength) of joints has been 

l imited to only a few s a m p l e s . The samples tes ted ranged in s t rength from 

100 to 200 psi (based on total joint a rea ) , Metal lographic examination of 

tensi le samples after f rac ture , however, showed that the actual diffusion 

bond a r e a s were quite smal l ( less than 30%) or nonexistent. 

FIGURE 3 

NASA Graphite Weld Tes t Sample 

1. P r o g r e s s Report Fueled Graphite Studies, Apri l , May, June, 1964, 
• HW-8 3980 (fi<iiiir.i ilLiilli^ 
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