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ABSTRACT 

High-purity \iranium monocarbide reacted with water at 80°C to produce 

a finely divided, brown U(IV) compound, and 92 ml (STP) of gas per gram 

consisting of 11 vol ̂  hydrogen, 86 vol ̂  methane, 2 vol ̂  ethane, and 

0.6 vol ̂  propane. At 90°C, the products were the same, but the reaction 

rate was higher. Reaction with 5.6 M HCl was slower than with water, 

but the gaseous products were essentially the same. In preliminary 

experiments at 80°C with UC-UC2 mixtures containing less than 2 wt ^ free 

carbon, the volume of gas evolved per gram of sample hydrolyzed decreased 

from 92 to 32 ml (STP) and the methane concentration from 86 to lU vol ^ 

as the UC2 concentration in the mixture increased from 0 to about 65 wt 

^. An attendant increase in the hydrogen and ethane concentrations to 

23 and 38 vol ̂ , respectively, also occ\jrred. 
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1.0 INTRODUCTION 

Studies to determine the stoichiometries and rates of the reactions 

of UC and UC2 with water (both liquid and vapor), nitric acid, the common 

aqueous decladding solutions, i.e., aqua regia, sulfuric acid, and sodium 

hydroxide and such gases as oxygen and chlorine were started as part of a 

program to develop chemicaJ. processing techniques for caxbide reactor fuels. 

Ultimately, the work will be extended to include mixed carbides of urani-um 

with thorium and plutonium. Such materials as UC-ZrC and UC-NbC coiild 

also become important in reactor fuel technology because of their thermionic 

properties (l). 

Interest in carbide reactor fuels has developed because of their 

stability at high temperature, favorable heat transfer characteristics, 

and high b\irnup potential. Since the uranium carbides react with most 

aqueous reagents and with a number of gases, a variety of processing 

methods is potentially available. The processes selected will depend 

primarily on the type of cladding and bonding used in specific fuel ele

ments, safety aspects, and reaction rates. As cases in point, mechanical 

decladding of stainless steel—clad sodium-bonded fuels such as proposed 

for the CPPD-2 (2) will also result in reaction of the carbide fuel if water 

or steam is used for sodium disposal; and the practicability of using the 

90^ HNO2 process (3) for graphite fuels containing carbide is dependent 

somewhat on the safety of reacting the carbides with concentrated nitric 

acid. This report contains a suiomary of the experiments conducted on the 

stoichiometry of the reactions of liranium carbides with water between 

July 1, i960 and December 5I, I96O. 

The authors wish to thank D. T. Bourgette of the ORHL Metallurgy 

Division for preparing the carbide specimens, and A. D. Horton of the ORNL 

Analytical Chemistry Division for analysis of the gaseous hydrolysis products. 

Other chemical analyses, x-ray analyses, and metallographic examinations 

were provided by the groups of W. R. Laing, Analytical Chemistry Division, 

R- L. Sherman, Analytical Chemistry Division, and R. J. Gray and C. K. H. 

DuBose, Metallurgy Division, respectively. 
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2.0 EXPERIMENTAL 

2.1 Results 

2.1.1 Reaction with Water at 80°C 

When uranium monocarbide was hydrolyzed with water at 8o°C, the princi

pal products were a finely divided brown solid u(lV) compoviad, methane 

(86 vol %), and hydrogen (11 vol ̂ ) (Table 1). Ethane and propane were 

also found. The gas-chromatographic analytical technique used was not 

very sensitive for the higher hydrocarbons. Recent experiments with a 

silica gel colimin indicated that the off-gas also contained about 1 vol ^ 

of compounds containing U to 7 carbon atoms per molecule. No acetylene was 

ever foxmd. The CO liberated from specimens AI-1 and AI-4 was probably 

trapped in voids during sample preparation, and consequently was not a 

product of the reaction with water. Duplicate experiments with ORNL-2 

specimens gave good agreement. There was, however, some variation among 

runs with ORNL-IA and AI-1; e.g., the hydrogen concentration varied between 

9 and Ik vol ̂  but was constant diaring each r\m. as expected from resiilts 

with ORNL-2 samples. Resiilts with specimen AI-4 not only varied considerably 

between riJins, but also showed considerable fluctuation within runs. In 

one experiment the hydrogen concentration increased from 12 vol ̂  in the 

first third of the gas evolved to 23 vol ̂  in the last third while the 

methane concentration decreased from 80 to 60 vol 'f. 

As the amount of dicarbide in the specimen increased, the voltmie of 

gas (STP) evolved per gram of carbide hydrolyzed decreased from 92 ml with 

high-purity UC to 32 ml with the specimen containing about 63 vt ^ UC2 (Fig. 

1). The methane concentration decreased from 86 to 1̂+ vol % while the 

ethane concentration increased from 2 to 38 vol ̂  (Table l). The specimens 

containing dicarbide also yielded an tmidentified brown wax, which was soluble 

in alcohol, carbon tetrachloride, and ether but not in water or 6 M HCl. 

The nonvolatile hydrolysis products of the monocarbide specimens were com

pletely soluble in 6 M HCl; in addition to the wax, the AI specimens yielded 

a trace (<0.01 mmole/g) of free carbon, and the UC2-ORNL-IA piece a large 

amount of free carbon which presumably was unreacted in the original specimen. 



Table 1. Reaction of Uranium Carbide with Water at 80 C (Helium Atmosphere) 

Sample 

0ENL-2A 

0RNL-2B 

OBNL-IA 

AI-1 

AI-i^ 

UCg-ORNL-lA.'^ 

H2 

11.0 

10.8 

12.2 

12.5 

15.8 

23 

c% 

86.U 

86.5 

84.3 

81.1 

75.2 

11+ 

Avera 
of 

CgHg 

2.0 

2.0 

2.6 

5A 

8.2 

38 

.ge Compo 
Gas, vol 

,a -

0.1 

0.08 

0.2 

-

0.4 

3-3 

Volatile Products 

sition 

^ 
CJHQ 

0.5 

0.6 

0.7 

0.9 

1.0 

1.5 

C4H10 

<1 

<1 

<1 

<1 

1.4 

8.4 

CO 

-

-

-

0.1 

0.12 

0.27 

Total 
Vol 
of 

Gas, 
ml/g 

90.6 

91.8 

92.7 

85-3 

76.6 

31-7 

Total 

c, 
mmoles 

/g 

3.73 

3.78 

3.82 

3.62 

3.40 

3-1 

Total 
H, 

mmoles 

/g 

15.56 

15-78 

15.85 

14.77 

13.58 

H/C 
mole 
ratio 

4.17 

4.16 

4.16 

4.07 

3.98 

Nonvolatile 
Products, 
mmoles/g 

Soluble 
in 

6 M HCl 
U C* 

3-98 

4.02 

5-98 

3.91 

3.93 

_ 

-

-

0.11 

0.23 

Wax= 

_ 

-

-

0.23 

0.56 

Total= 

c, 
mmoles 

/g 

3.73 

3.78 

3.82 

3.96 

4.19 

present 

ô  
' 

Peak occurred at CgHi, on Molecular Sieve, but on silica gel no CgH;̂  peak occurred; probably this is one of the paraffin 
Cĵ  to Cj isomers for which no standard is available. 

In analytical procedure most carbon compounds which steam-distill were lost. 

Assuming that wax is (CHp)jj.. 

3ased on one incomplete experiment; the gas phase may also contain pentanes, 5 vol ^; hexanes, 2.9 vol ^; 

heptanes I.3 vol $; and octanes 2.4 vol ^. 
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High-purity monocarbide specimens weighing 12-15 g were completely hydrolyzed 

in 2 hr, whereas 4 g of the sample containing about 63 wt ^ dicarbide was 

only 80^ hydrolyzed after 5 h^* 

Results given (Table 1) for the sample containing about 63 wt ̂  UC2 

(UCg-ORNL-lA) must be regarded as very preliminary. Gas chromatographic 

analysis of the gaseous products with Moleciilar Sieve and silica gel 

col\imns yielded 25 peaks, of which 7 could be positively identified, viz., 

hydrogen, methane, ethane, ethylene, propane, 2-methylbutane, and CO. Five 

of the peaks corresponded to the n-isomers of butane, pentane, hexane, 

heptane, and octane but probably also represent other isomers of the same 

carbon content. The other I3 peaks occurred where other hexane, heptane, 

and octane isomers were expected. Since standards for these isomers were 

not available, the gas composition was calculated on the assimiption that 

the 13 peaks actually represented C^-CQ isomers. 

UNCLASSIFIED 
ORNL-LR-DWG. 58064 

20 40 60 

UC^ CONC IN SAMPLE, wt % 

100 

Fig. 1. Volume of gas evolved from UC-UCo mixtures containing "^2% free graphite 
as a function of the UC2 concentration. 
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2.1.2 Reaction with Water at 90°C 

Specimen ORNL-IA, when hydrolyzed at 90°C, yielded an average of 92.^ 

ml (STP) of gas per gram of sample. The gas consisted of 11.3 vol ^ 

hydrogen, 85.6 vol ̂  methane, 2.5 vol fo ethane, and O.7 vol ̂  propane. 

These were essentially the products found at 80°C. 

2.1.3 Reaction with 5.6 M HCl at 80°C 

Specimen 0RNL-2B, when reacted with 5.6 M HCl at 80°C, yielded 

essentially the same gaseous products as obtained with water. The resviltant 

solution was green, with more than 99^ of the uranium in the tetravalent 

state. For each gram of carbide hydrolyzed, an average of 91-6 ml (sTP) 

of gas was evolved, which consisted of 9-9 vol ̂  hydrogen, 87.7 vol ^ 

methane, 0.9 vol ̂  ethane, 0.3 vol $ propane, O.k vol '̂  butane, and 0.3 

vol ̂  pentanes. In one experiment about 0.I6 vol ^ hexanes and O.O7 vol 

% heptanes were also found. 

The rate of hydrolysis was much lower in 5-6 M HCl than in water. 

For example, four specimens weighing a total of 3 g were only about 75^ 

hydrolyzed in 5 ^ at 80°C in hydrochloric acid, whereas hydrolysis in 

water of a lU-g specimen was complete in 2 hr at the same temperature. 

2.2 Samples 

Specimens 0RNL-2A and -2B were prepared from high-p\arity uraniijm metal 

and carbon by the best arc-melting technique yet developed at ORNL, and 

appear to be nearly stoichiometric UC (Table 2). The other ORNL specimens 

were also prepared by arc melting. The method of preparation of the AI 

specimens is not known although the physical appearance of the material 

suggests that it may have been arc-cast into a graphite mold. Chemical 

analysis alone does not define the composition of the sample; e.g., an 

equimolar mixture of uranium and UC2 yields the same chemical analysis as 

UC. Metallographic examination and x-ray analysis do not yield quantitative 

results, but are helpful in identifying the various phases present. For 

further details of the analytical procediires see the appendix. 
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Table 2. Analyses of Uraniimi Carbide Specimens 

Specimen 
No. 

0RNL-2A 
0RNL-2B 
ORNL-IA 

AI-1 
AI-4 
UC2-ORNL-IA 

Elemental Analyses 

u. 
mmoles/g 

3.99 
3.96 
4.00 

3.99 
3.93 
3.81 

T o t a l 
c. 

mmoles/g 

3.95 
3.95 
3.91 

i+.22 

k.n 
7.57 

Free 
c. 

mmoles/g 

. 

-
-

<'0.01 
<0 .01 

1.35 

N, 
ppm 

60 

260 
35 

Composition 

UC 

>99.7 
>99.7 

98-100 

94.2° 
80 .2^ 
2 7 . 1 ^ 

UCg 

<0 .2^ 
<0.2a 

-

5.8C 
19.8^ 
i^6.7^ 

, mole 

U 

< 0 . 1 ^ 
< 0 . l \ 

0-2^^ 

^ 
-
-

i 
Free 

C 

_ 

-
\ 

a -

26^2^ 

Tletallographic estimation. 

Metallographic examination showed uraniimi as a nonhomogeneous dispersion. 

Based on chemical analyses; metallographic examination showed a fairly 
homogeneous mixed of UC and UCp except around the numerous cracks where 
p\ire UC2 was present; confirmed by x ray. 

^ased on chemical analysis and assimiing no U2Cx; metallographic examination 
showed UCg, sheets of graphite, and a third unidentified phase; x-ray 
examination showed mostly UC2 with a small amount of UC. 

2-. 3 Procedure 

The hydrolysis experiments were conducted as follows: The carbide 

specimen was placed in the reaction vessel, water was placed in the fionnel, 

and the apparatus was assembled as shown in Fig. 2. The reactants were pre

heated to the desired temperatiore in a water bath controlled to ±0.05°C. 

During the equilibration period of I.5 to 2 hr, heliiom was swept through 

the system to remove most of the air. Then the helium flow was stopped and 

the reaction vessel was isolated from the pressure eqixalizer. The gas buret 

was connected to the reaction vessel and water added to the carbide. The 

system was maintained near atmospheric pressure by adjusting the leveling 

bulb so that the mercury levels in the gas buret and open-end manometer 

were equal. Gas could be transferred from the buret to an evacuated sample 

bulb by raising the leveling b\ilb. A correction for the expansion caused by 
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UNCLASSIFIED 
ORNL-LR-DWG. 53243 

Valves 

PRESSURE 
EQUALIZER 

WATER COOLED 
CONDENSER 

/fix 

/ He 

—c 
250 ml GAS SAMPLE BULB 

LEVELING 
BULB 

CONSTANT TEMPERATURE WATER BATH 

100 ml GAS BURET (MERCURY FILLED) 
WITH OPEN END A/V^NOMETER 

Fig. 2. Apparatus for measuring volume of gas evolved during reaction. 
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water vapor was determined from a blank run without carbide. The water bath 

was covered with a Lucite lid fitted around the apparatus to reduce the rate 

of evaporation from the bath. When necessary, water was added to the bath 

to maintain it at a constant level. 

The gas samples were analyzed by gas chromatography with a 5-A Molecular 

Sieve column and a Burrell instrument modified with a Gow-Mac thermistor 

detector. Helium was the carrier gas, and peak areas were determined by 

the integrator on the Burrell instrument. 

The solid uraniimi product was dissolved in chlorine-free 6 M HCl 

(prepared by flushing concentrated HCl with nitrogen just prior to use), 

and the solution was then filtered to test for free carbon. The filtrate was 

analyzed for U(lV) and total uraniimi potentiometrically, and for carbon by 

"concentrating" the solution on a hot plate before the residue was burned. 

The procedure for dissolved carbon was not satisfactory since volatile 

compovinds were lost during the "concentration" step. 

3.0 TENTATIVE CONCLUSIONS AND DISCUSSION 

Gaseous products obtained from the reaction of uranium monocarbide with 

water were similar to those reported by Ockenden (h) at 20°C and by Litz (5) 

at 83°C. Litz, however, reported that the concentrations of the products 

changed markedly with temperature (Sect. U.l). Preliminary results with 

samples containing about 63 wt ^ UC2 were different from any reported in 

the literature. 

A complete carbon balance was not obtained in any of the experiments. 

Carbon balances with the ORNL specimens were consistently 5^ low. With 

specimen AI-U the total carbon foxmd by anaJLysis was much too low to be 

attributed to the variations inherent in gas analysis. Considerable develop

ment work has been done on the combustion analysis used to determine total 

carbon in UC, and the method appears to yield results that are accurate and 

reproducible to within 1^. The gas-chromatographic analyses gave consistent 

results for the more volatile components. More recent results indicate that 

about 1 vol ̂  of satiorated hydrocarbons containing four to six carbon atoms 

per molecule were also present in the gas phase. In the future, gas samples 
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will be analyzed chromatographically for hydrogen, methane, and ethane with 

a Molecular Sieve column. For the higher hydrocarbons, either silica gel or 

Apiezon L columns will be used. Standard mixtures of the isomers of hexane, 

heptane, and octane must be obtained to calibrate the colimms. 

The most difficult analysis appears to be that of determining carbon 

in aqueous solutions. In the experiments reported above, solutions were 

"concentrated" by evaporation on a hot plate and the residue was analyzed. 

The distillate was not collected. Pentane, hexane, and heptane isomers 

not volatilized at the reaction temperatiire would be lost by this procedure 

along with many other organic compounds which are steam-distilled. Analysts 

are working on a better method for analyzing the aqueous solutions. 

l̂-.O LITERATURE SURVEY 

Most of the prior data on the chemical behavior of uranium carbides 

were obtained with samples which were principally UC2. Only a few references 

to work with UC are available. Uranium sesquicarbide (U2C5) is considered 

by the authors to be the material obtained by stressing UG:2UC2 mixtures 

and is shown by x-ray and metallographic examination to be free of UC and 

UCp. Virtually nothing is known about the chemistry of U2C2 since data 

reported for this compound in the older literature were obtained with samples 

prepared by a method that has since been shown to yield chiefly a mixtiire 

of 1 part UC and 2 parts UC2. 

U.l Reactions with Water and Aqueous Acids 

Uranium mono- and dicarbides react with water to produce a solid uranium 

oxide and a gaseous mixture of hydrogen and various hydrocarbons. The avail

able data have been compiled in Tables 3 and h. Considerable variation exists 

among the quantitative results of the various investigators, and few data 

on the purity of the starting materials are given. Edtimates of the compositions, 

based on chemical analyses and the assimiption that free carbon is carbon that 

did not react during sample preparation, have been included as footnotes to 

Tables 3 and k. The U02-carbon reaction used by both Moissan (6) and Lebeau 

and Damien (7) to prepare their samples usually results in a carbide containing 
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Table 3- Gaseous Products of the Reaction of Uranium 
Monocarbide with Water 

Gas Cone, vol fo 

Gas 2Q°C^ 83°C^ 90°C^ 100°C^ 200°c'̂  307°C^ î OO°Ĉ  

93 96 99 

5 3 0.5 
N > 

) 1 . 1 

/ ) 

\ 

)o., ) 

] 
0 0 0 

o.k o.k 0.3 

f^Reference k; no chemical analyses of starting material given. 
Reference 5̂  liquid water; no chemical analyses of starting material given. 
Reference 5> water vapor; no chemical analyses of starting material given. 

significant amounts of oxygen. Neither of these investigators used x-ray 

or metallographic examination to determine the purity of the samples. Litz 

(̂ ) used these techniques on at least one specimen of UC and UCg as part of 

his proof of the compound UC, but failed to describe the material used in 

the chemical studies. Nothing is known about the purity of Ockenden's Q£) 

samples. Ockenden was the only investigator to use gas chromatographic 

analysis of the gas mixtures; the other workers used vacuimi-train separation 

in cold traps, a cumbersome procedure. Later observations showed that 

Moissan's "methane" analysis would also include the higher paraffins (7)' 

Moissan (6) reported that in the hydrolysis of UCg about 2/3 of the 

carbon went to liquid and solid hydrocarbons and I/3 to gaseous products. 

Lebeau and Damien {jj studied only the gaseous products, finding 35-3 ™1 of 

gas per gram of carbide from specimen b and 32.1 ml/g from specimen c. Litz 

(5,) also noticed in the hydrolysis of UC2 some nongaseous hydrocarbons, 

which he presumed to be unsaturated as they darkened upon exposure to air. 

Hydrogen 8 

Methane 85 

Ethane 5 

C^-Cr paraffins 1 

Olefins 

Acetylenes 

CO2 

CO 

12 22 37 

81 72 57 

4 U k 
2 0.8 1.0 

0 0 <0.2 

0.3 0.2 0.3 

O.k 0.2 0.9 



Table k. Gaseous Products of the Reaction of Uraniimi Dicarbide With Water 

Gas Cone, vol ^ 

Gas 8l°C^ 9fc^ 100°C'̂  109°C'̂  12^°C^ 137°C'̂  148°C^ 200°C^ 248°C^ 20°C^ 

Hydrogen l4 

Methane 79^ 

Ethane 

C,-Cc paraffins 

Olefins 6 

Acetylenes 0-5 

COg 

CO 

50 

13 

24 

29 

20 

23 

10 

16 

17 

30 

30 

8 

12 

2 

0.2 

0.9 

64 

10 

25 

0.6 

83 

6 

10 

0.5 0.2 

89 
4 

6 

0.6 

0 

0.4 

96 
1 

. . . 

<0.2 

y <io.2 

1 .1 

10 

60 

25 

Reference 6, temperature not given; analysis of Initial carbide: combined C, 7.5 wt io;lS, 92.'J wt ̂  
(44 mole ̂  UC, 56 mole ̂  UCg). 

Reference 7, temperatiire not given; analysis of initial carbide: 1.47 wt ̂  free graphite (5I wt ̂  UC, 
68 wt ̂  UCg). 

Reference 7, temperature not given; analysis of initial carbide: no graphite, u 91.6 wt ^ 
(18 mole ̂  UC, 82 mole ̂  UCg). 

Tleference 5j no chemical analysis of Initial carbide given. 

Reference 4; no chemical analysis of Initial carbide given, 
f 
Analytical procedure such that higher paraffins may also be present In methane" fraction. 
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Heating the nonvolatile residue to 500°C after hydrolysis at IIO-I5O C yielded 

what he termed "residual" gas, consisting of 80 vol ̂  H2 with some carbon 

monoxide and hydrocarbons. Litz fiirther reported that increasing the 

hydrolysis temperature of both UC and UC2 increased the hydrogen concen

tration in the off-gas to nearly 100^ at about 300°C while the amount of 

carbon in the residue also increased. No quantitative data on nonvolatile 

carbon were given. 

The reaction of UC2 with water vapor at 29 mm of Hg follows the linear 

rate law (8) 

w = kt 

with k = O.Oi+U fjg cm"2 sec"^ at 50°C, 0.66 at 150°C, and 3.2 at 200°C. The 

solid reaction products were identified by x-ray analyses as UOp and UC. 

The reaction of UC2 with liquid water at 95°0 was much more rapid than with 

steam at 250°C (̂ ). Boettcher and Schneider (9) reported that uranium 

monocarbide (75^ of theoretical density) was not attacked by liquid water 

below 50 C, attack was visible in 1 hr at 60°C, the rate was 600 mg cm~^ min"-̂  

at 65°C, and a violent reaction ensued at 100°C. Litz (5̂ ) stated that UC 

reacted more slowly with water vapor than UCg, but that the carbides reacted 

with liquid water at about the same rate. Uranium sesquicarbide (crystallized 

under stress) did not react with liquid water at 75°0 (10). 

The reaction of UC with k N HCl and I8 N HgSOjĵ  gave essentially the 

same gaseous products as with water (k). Uraniimi monocarbide was also 

separated from uraniimi metal by dissolving the metal preferentially in dilute 

HCl containing hydrogen peroxide (ll). At 8l°C, reaction of UC2 with water, 

0.15 N NaOH, 0.1 N HgSOĵ , 6 N HCl, and O.5 M FeCl^—l M HCl resulted in the 

same gaseous products (5)- Uranium dicarbide reacted slowly with cold hydro

chloric and sulfuric acids to produce green solutions and with cold niti'ic 

acid to produce a yellow solution (6). Reactions with these acids were rapid 

when the solutions were heated. Uranium sesquicarbide did not react with 

concentrated acetic acid, concentrated KOH, or cold concentrated HCl; it 

reacted slightly with concentrated sulfuric and nitric acids at 75°C, and 

vigorously with concentrated HCl at 75°C (10). 
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Uranium monocarbide, when dissolved in 6 M HNO,, yielded a brown solution 

and a black residue containing about 0.02°lo of the original uranium and 10^ 

of the carbon (12). The gaseous products were mostly nitrogen oxides. Upon 

standing, uranyl oxalate separated from the solution. 

k.2 Reaction with Oxygen 

Both UC and UCg react readily with oxygen. The carbides are pyrophoric 

at room temperature if the surface area is sufficiently large: according 

to one source, when the particle size is kO \i or less (13). The reaction 

of UCg with oxygen follows the parabolic rate law in the range 150-250°C: 

w^ = kt 

where k is 6.1 (fjg cm-^)^ sec"! at I5OOC, 75 at 200°C, and 900 at 250°C (8). 

At 300°C the reaction proceeded anisothermally, with the temperature rising 

to 1000°C in less than 1 min. Both UOg and UC were detected in the product 

by x-ray analyses. Baker (14) reported U5O3 as a product of the reaction 

at 370°C. 

4.3 Reaction with Carbon Dioxide 

Uranium monocarbide with a bulk density of 10.98 g/cc was oxidized at 

a rate of l40 mg cm"^ hr""̂  over the range of 5OO to 830°C (15). Sintered 

UC was about 0.6^ oxidized after 6 hr at 500°C in a CO2 atmosphere whereas 

uranium metal under similar conditions was 6^ oxidized (16). 

k.k Reaction with Nitrogen 

Nitrogen reacted rapidly with UC2 at 1100°C to form uranium nitride (6). 

Between 400 and 700°C the reaction followed the parabolic rate law, w = kt^' , 

where k = 16 (|jg cm-2)2 ĝ ^̂ -l a.t 400°C, 26o at 500°C, 860 at 600°C, and 

3300 at 700°C (8). The solid product was UN̂ .̂ where x = I.5 to 2. 

4.5 Reactions with Halogens 

Fluorine and UCp did not react at room temperature, but an explosion 

resulted when the system was heated slightly (6). Both UC and UC2 reacted with 

BrCl, Brg, or I2 to produce carbon and the respective uranium tetrahalide (5). 
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The reactions were slow at low temperatures but rapid above 300°C (17). 

Uranium dicarbide burned in chlorine at 390°C to produce a volatile chloride 

(6). Uranium dicarbide burned in HCl gas at 600°C (6). 
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6.0 APPENDIX 

The following is a synopsis of the analytical procedures used in the 

present investigation. 

Uranium. Uranium was determined gravimetrically after precipitation 

with carbonate-free ammonium hydroxide and ignition to U^Og. 

Total Carbon. Total carbon was determined by combustion analysis. A 

200-mg sample was burned in oxygen in an induction furnace at lU00-l600°C 

for 10 min with 400 mg of flux consisting of I/3 tin, I/3 low-carbon iron 

(to maintain the temperature of the specimen) and I/3 CuO (to provide an 

oxidant at the site of the reaction). 

Free Carbon. Free carbon was determined by combustion analysis after 

the original carbide sample was dissolved in 6 N HCl, the solution filtered 

through a porous combustion boat, and the residue washed with ether to remove 

any wax present. 
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Earlier workers (6, l8) assumed that any carbon found after hydrolysis 

of the specimen in dilute HCl represented carbon that had not reacted with 

the uranium to form carbide. This conclusion seems justified in the case of 

uranium monocarbide, since high-purity specimens have been made which yielded 

no free carbon on hydrolysis. However, it has not yet been proved that carbon 

is not a product of the hydrolysis of UCg- There is still some question 

regarding the existence of pure UC2 at temperatures below l800°C (I8); 

therefore proof of the origin of free carbon found on hydrolysis will be 

difficult. In this study it was assumed that free carbon was carbon that 

did not react during sample preparation. 

Metallographic Examination. This technique, while not yielding quantitative 

results, is useful in determining the homogeneity and phases present in the 

samples. The purity of samples of nearly stoichiometric UC is best estimated 

by estimating the area covered by the insoluble, impure phases. Both uranium 

and UC2 are reported to be insoluble in UC (18). A series of near stoichio

metric UC specimens of constant uranium weight and differing in carbon weight 

by 50 ppm increments (i.e., 0.1 mole ^) under metallographic examination 

showed detectable differences going from uranium-rich to carbon-rich specimens 

(19). Oxygen and. nitrogen, which form solid solutions in UC, are not detected 

metallographically. The metallographic procedure was of no quantitative 

value for specimens containing 5^ or more impurity. 

X-ray Powder Pattern. This technique was also used to confirm the 

compounds present. At least 5^ must be present before the compound is detected. 
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