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: 1 a z i : 1 Ihe (U,PU)C phase f i e l d  of the U-Pu-C terna,ry system f o r  tempera tme ! .  I 
1 .- -- -  - - 

beluw 635O~ has been constructed from metallographic and x-ray diffract ion 

1 data. Uranium mono6arbide forms a complete ser ies  of so l id  solutions with 

plutonium monocarbide. The (u,Pu)c phase i s  stoichiometric as regards its 

carbon content i n  a composition range f'rom 0 t o  35 a/o Pu. With a -her 

I . . increase i n  Pu content it deviates' from idea l  stoichiometry toward greater 

metal t o  carbon ra t ios  t o  form the defect ( u , P ~ ) c  phase. Pu expands the 
i 

uni t  c e l l  of the monocarbide over the  composition range i n  which it retafns 

i ts  stoichiometric character. In the region of the defect s t ructure the  

l a t t i c e  parameter decreases with increasing Pu content, the  extent of the 

decrease being dependent upon the carbon content. Metallographic observa- 

t ions on cas t  alloys show tha t  a transitxion occurs i n  the microstructures 

between U ~ r i c h  al loys which show a homogeneous carbide phase and Pu-rich 

al loys which show a cored carbide phase. 

I 
I 

Introduction 
' /  ; 

The investigation of U-Pu-C al loys containing a concentration of cerrbon . 
4 . - .  

around 50 a/o was undertaken as part of a program t o  establ ish the ,phase 
I ~ 
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,diagram of the U-Pu-C ternary system. The constitution of these alloys is 

of interest because of their potential as reactor f'uel materials. The 

structure of UC 1s face-centered cubic with the carbon atoms located in 

the octahedral interstices forming a NaC1 structure which contains 8 atoms 

per cell. PuC is isostructural with UC, but exists at low temperatures 

as a phase deficient in carbon rather than as the stoichiometric compound. 

Experimental 

The principle method used to determine the phase boundaries was 

metallographic examination of isothermally annealed and quenched specimens. 

The alloys were processed within glovebox enclosures containing either a 

helium or nitrogen atmosphere which analyzed less than 300 ppm oxygen. 

!be concentration of analyzed impurities in the Pu used in prepsriw 

alloys waa less than 550 yypm, Uranium of 99.96 w/o purity, and spectro- 

scopic carbon rod were the other starting materials. Alloys were prepared 

by arc-melting. The alloy com&itions which are reported are those of 

the charges prepared for melting. Chemical analyses naade on a large number 

of the cast alloys showed that in most cases the concentrati.on of any 

component did not differ by more than 1 a/o from the intended concentration. 

All alloys were .given a preliminary homogenization anneal at. 1050°C 

for 3 days prior to the equilibrating anneal of one to three weeks duration. 

Standard methods of metallographic preparation were used. Two swab etches 

found to be most successflrl were: (a) nitric acid, acetic acid; distilled 

water (e.q-1 parts by volume), and (b) orthophosphoric acid (85$), ethylene 

glycol, ethyl alcohol (in. the ratio 5: 5: 8 parts by volume, respectively). 

A'S to 30 second swab was required. X-ray diff'raction patterns were obtained 

with a 114.6 mrn Ikbye-Scherrer camera using filtered CuK-a radiation. 



Lattice parameters vere obtained with the aid of an IBM 704 computer using 

a program devised by Mueller and ~eaton'l). Nitrogen and oxygen contamina- 

tion in annealed alloys was less than 100 ppm. 

Metallographic Results - 
The (u,~)c phase boundary has been determined at 400, 570, and 635'C. 

Because of the near equivalence of the phase boundary at the three temper- 

atures, only the pertinent,portion of the 570°C U-Rr-C isothermal section is 

shown in figure 1. 
\ 

The solidification process for Pu-rich alloys results in cast micro- 

structures containing a cored carbide phase. The presence of this coring 

is probably related to the fact that the PuC phase forms f'rom the peritectic 
I 

I 

reaction, liquid + Pu C 4 PUC at 16540C(~), and that the peritectic type 
2 3 7  

of solidification extends into the terrlary system. The range of compositions I 
of ternary alloys in which cast microstructures showed coring is indicated 

in Hgure 2. In many of the high-carbon alloys the coring could'not be 

removed with the available high temperature homogenization treatment (I2 

hcurs at a n~~~irmun temperature of 1500"~). The only portion of the phase I 
boundary that was based principally upon observations' of these non-equilibrium 

structures is the high-carbon side of the (U,PU)C phase boundary in the 

region where .the deviation from stoichiometry occurs, and for this reason 

the boundary has been indicated by a dashed line on the isothedary~l section. 

The low-carbon boundary of. the sqk phase field can be place$ with more 

.confidence and is given as a solid line, since an independent determination 

of its location was made by an analysis of the microstructures of alloys 

containing between 7 and 35 a/o carbon bsed on the method of quantitative 

~metallography. 



Some of the microstructures used to bracket the phase boundaries are 

shown in Figures 3 through 6. The microstructures of alloys whose carbon 

compositions placed them on the low-carbon side of the (u,~)c phase field 

always showed a second phase which could be identified from x-ray di-ction 

gatterns as a metallic U-Pu phase. For example, Figure 3 shows the U-Pu 

zeta phase disposed interdendritically in the monocarbide structure of the 

U-13 a/o Pu-46 a/o C alloy quenched from ~ O C .  U-rich alloys containina; 

more than 50 a/o C were easi\ly identified metallographically due to a 

characteristic Widmanstatten precipitate of the (U,PU) C phase, FTgure 4. 
2 9 

The microstructure of loany high-carbon alloys of intermediate U-Pu composi- 

tion contained a cored carbide constituent as m y  be seen from the etched 

appearance of the dendrites, shown in the microstmcture of the U-24 a/o 

Pu-51 a/o C alloy,' FPgure 5. The occurrence of weak (U,PU) C lines on the 
2 3 

diffraction pattern of this alloy, suggests that the interdendritic 

constituent is the (U,Pu) C phase [probably resulting from a Class I1 
2 3 

ternary reaction: liquid + (u,,~)c~ " _ (u,~u)c + (u,~)~c~]. figure 6 

shows a Pu-rich alloy containing the monocarbide phase which probably 

resulted f r o m  the peritectic reaction: liqilid + (U,PU) C .A (u,~)c. 
2 3- 

The dendrites appear to be remnants of the primary crystallization of 

X-my Results 

Pu expands the unit cell of UC. The lattice parameters, measured at 

room temperature, of alloys quenched fkom 400 and 570°C are plotted against 

Pu composition in Figure 7. The parameters in the composition range 0 to 

about 35 a/o RI' are for monocarbides of ideal stoichiometry. A t  higher Pu 

concentrations the values are for carbides which lie either on the high- 

or low-carbon boundary in the region of the defect structure. The Pu 



concentrqtion scale has been e x t e i e d  &yoad 5.0 a/o s c  tha t  the p lo t  may 

include hta f o r  the binary monocarbiCe of Pu which a t  the teqperatures 

of in teres t  occurs i n  the  composition range 52 a/o t o  57 a/o Pu. A l inear  

extrapolation of these binary data back t o  50 a/o Pu yields 8 l a t t i c e  

parameter f o r  PuC of idea l  stoichiometry which is larger  than any of the 

measured values, and which can be joined by a s t ra ight  l ine  t o  the l a t t i c e  

parameter of UC t o  show tha t  large devfstions from Vegard's Law characterize 

t h i s  solfd solution. 

In lnany cases, the Debye-Sckrerrer powder diffract ion patterns of 

cored alloys revealed the presence of two face-centered cubic monocarbide 

phases having s l igh t ly  different parameters. The square dsta points repre- 

sent several of these alloys.  The paremeter values were obtained by taking 

the weighted average of the ~ r a m e t e r s  derived f r o m  both s e t s  of l ines,  the 

weighting being based upon re la t ive  f i lm intensi t ies .  

, The composition a t  which the (u,P~)c phase f i e l d  begins to deviate 

f r o m  stoichiometry m y  be estimated from the change i n  curvature of the 

l a t t i c e  spacing/composition curve. 35 - + 2 a/o Ar has been chosen as the 

point where the defect (U,PU)C structure forms by the reject ion of carbon ' 

atoms from the l a t t i c e ,  This value agrees well  with metallogmphic obser- 

vations. 

It m y  be expected, judging f r o m  the c~mplex relationship shown i n  

Mgure 7, tha t  mixed monocarbides of I! and Pu can exhibit  wide variations i n  

uni t  c e l l  dimension which are  dependent upon composition and upon the  condi- 

t ions of preparation. 
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FYgure 1. Faa%ial U-Ar-C Isothermal Section at 570eC 
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