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Abstract-The effective thermal conductivity of a number of spherical metal powder-gas systems has been 
measured using a transient line source method. Variation of effective thermal conductivity with changes in 
gas pressure, temperature, and particle size was determined and the results compared with previous ex- 
periments Uranium and zirconium powders were oxidized, and it was found that the effective thermal 
conductivity at atmospheric pressure decreased with extent of oxidation. An expression for randomly 
stacked spherical powders (void fraction = 0.40) was developed using the orthorhombic stacking arrange- 
ment and assuming linear heat flow. It was tested over a four-fold range in bulk solid conductivity to bulk 
gas conductivity ratio and found to give reasonable agreement. The treatment was extended to the case of 
metal particles with oxide coatings. It was found to agree with the uranium oxidation experiments in which 

a sharp decrease in effective thermal conductivity was noted in the initial stages of oxidation. 

NOMENCLATURE 

constants for equation (7) ; 
particle diameter [cm] ; 
thermal conductivity [Cal/cm s 

degC] ; 
mean free path [cm] ; 
heat input [Cal/cm s] ; 
heat flux [Cal/cm2 s]; 
metal sphere radius ; 
cylindrical coordinates ; 
temperature [“C] ; 
time [s]; 
thermal diffusivity [cm’/s] ; 
source radius [cm] ; 
constant for equation (7) ; 
constants for equation (7); 
void fraction ; 
solid fraction. 

RECENT studies of uranium powder ignition at 

Argonne National Laboratory [l] have been 
interpreted using the theory of thermal explosion 

* Present address : School of Hygiene and Public Health, 
The Johns Hopkins University, Baltimore, Maryland. 

proposed by Frank-Kamenetskii [2]. This 
theory defines a criterion for ignition in terms 
of the system geometry, the rate and heat of 
reaction, and the system thermal conductivity. 
It was therefore important to determine how the 
thermal conductivity of metal powders varies 
with temperature, pressure, particle size, and 
extent of oxidation. The thermal conductivities 
of several mesh fractions of uranium and zir- 
conium powder have been measured as a 
function of pressure, temperature, and extent 
of oxidation and the results compared to a 
theoretical expression which was concurrently 
developed. In order to further test this expression, 
thermal conductivities of aluminum, copper, 
magnesium, nickel, and glass powders were also 
measured using nitrogen, hydrogen, helium, 
argon, methane, and Freon-12 as the inter- 
sticial gas. 

EXPERIMENTAL METHOD 

Powder thermal conductivity was measured 
using the transient line source method. This 
method was chosen because it is a rapid, ab- 
solute method which is suitable for measuring 
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powder conductivity at various temperatures 
and pressures. The methad makes use of the 
fact that the rate of heat transfer from a fine 
source is a function of the thermal properties 
of the medium. It is unique among transient 
methods in that the experiment yields thermal 
conductivity directly, not thermal diffusivity. It 
was first used to measure the thermal conducti- 
vity of soil [3], and has since been used for 
insulating materials, [4], polymers [S), and 
various liquids [6, 73. Van der Held and van 
Drunen [6] showed that the line temperatures 
at times t, and t, are related by the followi~lg 
expression : 

where T1 = line temperature at E,, “C; 
TZ = line temperature at t,, “C; 
4 = heat input, cal,/cm s ; 
k= thermal conductivity, caljcm s 

degC ; 
t = time, s; 

to = zero time correction. 

The zero time correction is necessary because of 
the finite radius of the source. It was shown [6] 
to have an approximate value of 6*/4a where 6 

SWIFT 

is the source radius and CI is the powder thermal 
diffusivity. It can be found by trial as that time 
correction which makes T vs. In (r - to) linear. 
The powders were contained in a stainless steel 
cylindrical cell, 2 in long and U-75 in diameter 
(see F’ig. 1)” A 0.025~in OD hypodermic tube was 
soldered along the axis of’ the cylinder ; this tube 
contained a 36gauge constantan heating wire 
and two itO-gauge iron-constantan thermo- 
couples. Two reference thermocouples were 
attached to the cell exterior. The heating wire 
was powered by a d.c. supply capable of 
supplying up to 05 amps at 40 volts. The 
resistance of the heating wire was measured 
independently using a bridge, while the cur- 
rent during an experiment was determined from 
the voltage drop across a 3-ohm precision 
resistor in series with the heating wire. 

The ceil was enclosed in a furnace which is 
capable of maintaining a temperature of 3OO’C. 
Provision was made to measure thermal cott- 
ductivity using several gases at absolute pres- 
sures ranging from lo-” to 5 x IO3 mm 
(approximately 100 psig). The output of the two 
iron-constantan couples, connected as a thermo- 
pile, was recorded on a Brown potentiometer 
recorder. A typical thermal conductivity deter- 
mination took one minute and gave a maximum 

DETAILS OF AXIAL TUBE, 
_^, s-I.. 

FIG. 1. Powder thermal conductivity apparatus. 
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FIG. 2. Typical potentiometer trace. 

center line temperature rise of approximately 
15 degC. A tem~rature-time trace for one of 
the ~rconium experiments is shown in Fig. 2. 
After about one minute of measurement, the 
time-temperature relationship is no longer 
represented by equation (1) because of the 
boundary effect of the cell. 

Each time the cell was filled with powder, it 
was gently tapped until no further reduction in 
bulk volume was noted. In all cases, this was 
found to give a void fraction of 040. Further- 
more, reproducible values of thermal conduc- 
tivity were obtained in repeated tests of this 
packing procedure using the same powder. 

MATERIALS AND PREPARATION 

The spherical uranium powder used in these 
experiments was obtained from the National 
Lead Company and was separated into mesh 
fractions using standard screen techniques. The 
sphericity of the powder was verified micro- 
scopically. A chemical analysis of the uranium 
is listed elsewhere [l]. The powders were nor- 
mally kept in a helium drybox to prevent gra- 
dual oxidation. In order to oxidize a powder. it 

was spread over the bottom of a Petri dish and 
placed in an oven at 150°C. The extent of oxida- 
tion was determined by weighing. 

Reactor grade zirconium in the form of $ in 
wire was submitted to the Linde Company for 
preparation of the zirconium powder. This 
powder was l,ikewise seived into a number of 
fractions of spherical powder. Because zirconium 
oxidizes much slower than uranium, it was 
necessary to oxidize the zirconium in porcelain 
dishes in a furnace at either 300 or 600°C de- 
pending on the particle size. Other powder 
materials used included aluminum, copper, 
magnesium, nickel, and Pyrex. The sources and 
size fractions of these materials are listed in 
Table 1. 

The gases used in the experiments were 
nitrogen, helium, hydrogen, argon, methane, 
and Freon-12, all of commercial purity or better. 

RESULTS AND DISCUSSION 

A. Unoxidized uranium powder 
Initial experiments with uranium powders 

were conducted using three mesh fractions 
( - 16 -t 20, - 70 + 80, and - 230 + 325). Ther- 
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ma1 conductivities in nitrogen gas were mea- 
sured at atmospheric pressure and at tempera- 
tures ranging from 25°C to 300°C. The results, 
shown in Fig. 3, indicate a linear increase of 
thermal conductivity with temperature, and an 

Table 1. Powder materials 

Materials Form Mesh size Supplier 

Aluminum Grained 
ingot 

Copper Nearly 
spherical 

Magnesium Spherical 

Nickel 
Pyrex 

Spherical 
Beads 

- 30 + 45 Alcoa Aluminum 
Company 

- 30 + 35 Belmont Smelt- 
ing and Refining 
co. 

- 100 +200 Valley Metallur- 
gical Processing 
co. 

- 230 + 325 Linde Company 
- 140 +200 Minnesota 

Mining and 
Manf. Co. 

increase of conductivity with increasing par- 
ticle size. Thermal conductivity of live uranium 
mesh fractions at 25°C in N, were measured at 
pressures from 5 x 10m5 to 5 x lo3 mm and 
the results are shown in Fig. 4. These curves are 
similar in shape to those obtained by Masu- 
muni and Smith [8] for glass powders and 

stainless steel shot in that at high and low 
pressures the thermal conductivity does not 
change with pressure. 

According to the kinetic theory of gases [9] 
the thermal conductivity of a gas is essentially 
independent of pressure. However, at low pres- 
sures, the gas mean free path, L, is appreciable 
with respect to the particle diameter, d, resulting 
in free molecular conduction so that the overall 
powder conductivity decreases. The pressure 
above which conductivity is constant can be 
characterized by -a critical Knudsen number, 
L/d. The critical Knudsen number for the 
uranium powders in nitrogen, was approxi- 
mately 3 x 10m4, while Deissler and Eian [lo] 
report a critical Knudsen number of 7 x 1O-4 
for magnesium oxide powder in air, helium, 
and argon. The limiting high pressure conduc- 
tivity, IE, is seen from Fig. 4 to increase as the 
particle size increases. The conductivity at very 
low absolute pressures, hereafter denoted k,, is 
apparently the contact conductivity of the 
particles. It likewise increases with particle size, 
but is never more than approximately 5 per 
cent of the value of E. At high pressures, essen- 
tially all of the heat conduction is by a series 
path through both gas and solid. 

In a recent paper, Butt [l l] has presented a 
theoretical expression for two-phase thermal 

2 
54 I I 1 I I I 
: 0 50 100 150 200 250 300 3 0 

TEMPERATURE, OC 

FIG. 3. Thermal conductivity of unoxidized uranium powder in nitrogen at 
atmospheric pressure. 
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FIG. 4. Thermal conductivity of unoxidized uranium powder at 25°C in nitrogen. 

M5 

conductivity, including the effect of gas pres- 
sure. For the system under consideration, using 
the symbols defined above, Butt’s equation for 
the effective thermal conductivity is : 

E 
k = (1 + 2L/d) + k”* 

At high pressure, 2L/d + 1 and k - E since 
li 9 k,. At moderately low pressures, 2L/d % 1 
and k - kd/2L, while at very low pressure, 
kd/2L & k. so that k - k,. These three regions 
are clearly seen in Fig. 4. Butt’s theory predicts 
that in the region of moderately low pressure 
d log k/d log L = - 1; however the maximum 
experimental slope in Fig. 4 is d log k/d log L = 
- 0.42, approximately a square root dependence 
upon pressure. The data of Masamuni and 
Smith [S] for stainless steel shot likewise show a 
maximum slope of - 0.43 while for glass spheres 
the maximum slope is -0.25. 

The thermal conductivity of the -70 + 80 
mesh uranium powder was measured at 24°C 
in several gases at pressures ranging from lo-’ 
to 5 x 10V3 mm. The results are shown in 
Fig. 5. The Jt values for these gas-powder 
systems were in the same order as the gas 

thermal conductivities, i.e. kHS > kCH4 > k,, > 
kAr. At Iow pressure the thermal conductivities 
are nearly equal; this is consistent with the 
assumption that k. is a contact conductivity 
and that the gas at this pressure contributes 
very little to the overall conductivity. 

B. Oxjdized uranium powders 
Thermal conductivity measurements were 

performed with two mesh fractions of oxidized 
uranium powder as a function of the extent of 
oxidation. The results of these experiments 
are shown in Figs. 6 and 7, plotted as a function 
of nitrogen pressure at 25°C. The limiting high 
pressure conductivity E, falls off rapidly at 
low oxidation extent, and then more gradually 
as the oxidation reaches completion at an 
O/U atom ratio of 2-44. It is interesting to note 
that the value of k, remains essentially un- 
changed throughout the oxidation. Since 
uranium oxides are poorer thermal conductors 
than uranium metal this indicates that the 
particle contact is somewhat better with the 
oxide-coated particles. Figure 8 shows how the 
conductivity of the medium and fine mesh 
powders at 25°C and atmospheric pressure 
changes with extent of oxidation. 
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FIG. 5. Thermal conductivity of uranium powder (- 70 + 80 mesh) at 25°C in various gases 

12.0 

6 
G IO.0 

H 
; 8.0 
-Y 
a 
” 

I o-3 10-Z I o-1 I IO I02 IO3 I04 

PRESSURE, mm 

FIG. 6. Thermal conductivity of oxidized uranium powder (- 70 + 80 mesh) 
in nitrogen at 25°C. 
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FIG. 7. Thermal conductivity of oxidized uranium powder (- 230 + 325 mesh) 
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FIG. 8. Thermal conductivity of oxidized uranium powder in nitrogen at 25°C 
and 1 atm. 
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FIG. 9. Thermal conductivity of zirconium powder in various gases at 25°C (-70 + 80 mesh). 
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FIG. 10. Limiting high pressure thermal conductivity of uranium and zirconium powder at 25°C in nitrogen. 
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C. Zirconium powders 
The thermal conductivity of - 70 + 80 mesh 

zirconium powder was measured at various 
pressures of helium, nitrogen, and argon at 
25°C; the results in Fig. 9 show that as with 
uranium, the f! values increase with increasing 
gas conductivity and the k0 values are identical. 
Values of .& were measured for several zirconium 
size fractions in nitrogen at 25°C and are 
plotted along with uranium powder data in 
Fig. 10 as a function of average particle size. 
Both uranium and zirconium powders show 
the tendency for E to increase with increasing 
particle size. Measurements of oxidized -70 
+80 mesh zirconium powder were performed 
at 25°C in nitrogen. As shown in Fig. 11, they 
exhibit a decrease of It with extent of oxidation 
similar to that found with oxidized uranium 
powder; however, the effect is not as marked 
at first as with uranium (see Figs. 6 and 7). This 
is probably due to the fact that zirconium oxide 
is a more compact and adherent coating than 
the uranium oxide. 

D. Other powder materials 
In order to test a correlating equation (see 

below), the thermal conductivity of aluminum, 
copper, magnesium, nickel, and Pyrex glass 
powders were measured at pressures high 
enough (generally 100 psig) such that E values 
were obtained. The experiments were per- 
formed at 25°C using hydrogen, helium, me- 
thane, nitrogen, argon, and Freon-12. The 
results of these experiments are presented in 
Table 2. 

THEORETICAL CORRELATION 

There have been numerous theoretical equa- 
tions for powder thermal conductivity suggested. 
Several treatments (e.g. Rayleigh [ 123, Russell 
[ 131, Woodside [ 141, and Deissler and Eian 
[lo]) begin with an assumed stacking arrange- 
ment, and the effective conductivity is obtained 
as a function of the bulk conductivities of the 
two phases, and the void fraction. This type of 
treatment is only applicable for predicting R. 
The equations developed by Masumuni and 

~: 
0 IO 20 30 40 50 60 10 60 90 

PERCENT OXIDZED TO Zr02 

FIG. 11. Thermal conductivity of oxidized zirconium powder (- 70 -t 80 mesh) at 25°C and 1 atm. 



Solid Gas 
Solid conductivity Gas conductivity Power conductivity 

& k, I; k,jkg Eik, 

Aluminum 

Copper 

~agne§ium 

Nickel 

Uranium 

Zirconium 

Pyrex 

Argon 
Nitrogen 

Freon-12 
Argon 
Nitrogen 
Methane 
Helium 
Hydrogen 

Freon-12 
Argon 
Nitrogen 
Methane 
Helium 
Hydrogen 

Freon-12 
Argon 
Nitrogen 
Methane 
Helium 
Hydrogen 

Argon 
Nitrogen 
Helium 

Argon 
Nitrogen 
Helium 

Argon 
Nitrogen 
Methane 
Helium 
Hydrogen 
Water fli 

0561* 

@982* 

0‘406’ 

0.241* 

0~0590* 

CPO621”’ 

250 x lox? 

4.18 x 1O-5 6.10 x lo+ 1.34 x lo4 14.6 
6.10 x lo-’ 8170 x lo-“ 9.20 x lo3 14.3 

2.35 x 1O-5 
4.18 x 10-5 
6.10 x 1O-5 
7.95 x 10-5 
3.55 x 10-4 
4.25 x 10-d 

235 x w5 
4.18 x 10-’ 
S-IO x 10-5 
7.95 x ltYs 
3.55 x IO”” 
4.25 x lo-” 

340 x lo+ 
5-00 x 10-4 
6550 x 1oP 
9.70 x f0-4 
3.40 x 1o-4 
3.70 x 10-3 

1-73 x xl4 
9.71 x 103 
6.65 x 10’ 
5-11 x 103 
1.14 x 103 
9-55 x lo2 

10.2 
120 
107 
12.2 
9.58 
8.70 

2.35 x 10-5 4.70 x 1o-4 I.03 x 10” 20~0 
4.18 x lo-’ 6.70 x l0-4 5.76 x 10” 16G 
6.10 x lo-$ 8.35 x 1o-4 3.95 x 103 136 
7.95 x 10-5 9.90 x 1o-4 3.03 x 103 12.5 
3.55 x 10.‘” 2.95 x 1O-3 679 x 102 &3f 
4.25 x 10-‘$ 3.55 x 1O-3 567 x 102 x.35 

4-18 x 10-5 6*fO x lo-’ l-41 x 103 14.6 
6-10 x 10-S 8-20 x Ifi? 9.67 x 10’ f3”4 
3.55 x 10-4 3.20 x 1O-3 1.66 x 102 9Gl 

418 x 10-s 620 x 1o-4 1.48 x IO3 14.8 
610 x 10-S 8.40 x 1O-4 1.02 x 10” 13.8 
3.55 x 10-d 2.60 x 1O-3 1.75 x 102 7.32 

2.35 x 1O-s 
4.18 x 1O-5 
610 x 10-4 
7.95 x 10-s 
355 x 10-4 
425 x 1O-4 
I-44 x lo-.3 

2.80 x 1O-4 
4QO x 1o-4 
5ao x 1o-4 
7.00 x 1O-4 
1.05 x 1o-3 
1.35 x 1O-3 
I.50 x lo-’ 

106 1 I.9 
59.8 9.57 
41.0 8.20 
31.4 8.81 

7.04 2”96 
5.88 3,18 
t.74 i.04 

4.60 x lO-4 
7*85 x 1O-4 
1~0.5 x 1o-3 
1.50 x lo-3 
3.95 x lK3 
4.80 x f0-3 

4.18 x 10’ 19.6 
2.35 x lo4 18% 
I,61 x 104 I I.2 
1.24 x IO4 Iv? 
277 x 10” 1i*t 
231 x 103 11.3 

Smith [S] are applicable to the transition 
region between k, and I!, but depend upon a 
knowledge of the thermal accommodation co- 
efficient, the contact conductivity, k,, and the 
fraction of a cross sectional area taken up by 
the solids. 

The randomly stacked spherical powders 
used in the present experiments had measured 

void fractions of O-40. Among regular packing 
structures, the orthorhombic structure, void 
fractian 0*395, best approximates this condi- 
tion. Furthermore, McGeary [ 15 J observed 
that uniform size spheres tend to stack in the 
orthorhombic arrangement. We therefore con- 
sider a unit cefl of the orthorhombic structure 
shown in Fig. 12 with a unit area normal to 
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heat flow, a unit temperature difference, and a 
calculated thickness of O-76 units. Following 
the treatment of Deissler and Eian [IO], we 
assume no bending of heat flux lines. First 
considering the areas where heat flows through 

I HEAT FLOW DIRECTION 

/-OPEN AREA = G-093 

FIG. 12. Orthorhombic unit cell for thermal conductivity 
calculation. 

both solid and gas, we can write the heat flow 
rate, dQ, through an area r dr d@ in terms of the 
sphere surface temperature, T, and the solid 
and gas path length, Z, and (0.76 - Z,): 

(3) 

where k, = solid conductivity, 
ke - gas conductivity. 

Eliminating T, and integrating over the three 
circular segments, [using the substitution 2, = 
~(0.577 - r’)] we obtain the heat Bow through 
the solid and gas in series. Adding to this the 
heat flow through the area whose projected 
volume contains only gas, and multiplying 
this total heat flow by 0.76, we obtain an 
expression for the effective conductivity : 

E/k, = 0.5777~ {(As - l)- ’ - (A, - 1)-2 in A,} 

“t 0,093 (4) 

where 1, = k&k,. 
This relationship is shown in Fig. 13 and 

compared with the correlation obtained by 

Deissler and Eian [lo] for a void fraction of 
O&I. The data for unoxidized uranium and 
zirconium powder and for the other powder 
materials listed in Tabte 2 is plotted on Fig. 13. 
An experimental point in the lower left-hand 
corner of Fig. 13 corresponds to the system 
Pyrex-water. The data show some scatter but 
appear to lit equation (4) reasonably well. 

This correlation relationship and the experi- 
mental data can be compared also to the 
theory proposed by Butt, referred to above. 
For the limiting high pressure conductivity, 
Butt’s equation for these systems is 

E = 6; [l + 4cVfS] kg + c;k, t% 

where C, = void fraction 
L, = solid fraction. 

Inserting the appropriate values, we obtain : 

f; - = o-314 + 7. 
kS? s 

This reduces to a linear relationship between 
k/k, and kinks at large values of kdk,. At high 
values of k,jk,, equation (4) displays a much 
weaker dependence of kfk, upon kJk,, repre- 
sented by the slope d log Ii/kg/d log k,/k, = 
0.145. At k,jk, = 103, equation (6) predicts 
E/k, = 360, more than an order of magnitude 
larger than the data and two correlation lines 
shown in Fig. 13. The experimental data of 
Deissfer and Eian (not shown in Fig. 13) are in 
reasonably good agreement with their correla- 
tion; thus, it appears that the theoretical 
expression of Butt is not in good agreement 
with the data of this investigation and of 
Deissler and Eian, particularly at high values of 
k,/k,. It should be noted that the critical test 
of a two phase conductivity expression is at 
large k,/k,, where the conductivities of the two 
phases are vastly different. 

OXIDE-COATED PARTICLES 

This treatment has been extended to the case 
where the particle has a coating of different 
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FIG. 13. Test of equation for powder thermal conductivity, li, orthorhombic model 

thermal conductivity, kc In this case, the effec- 
tive thermal conductivity is a function of the 
three conductivities, k,, k,, and k,, and the 
fraction of the particle volume which is coating. 
The expression for E/k, is obtained in the same 
manner as equation (3); it consists of three 
terms: (1) conduction through gas, (2) conduc- 
tion through gas and coating, (3) conduction 
through gas, coating, and solids as follows : 

R, is the radius of the inner metal sphere and can 
be simply related to the coating volume fraction. 

Equation (7) was applied to the oxidized 
uranium (- 70 + 80 mesh) powder-nitrogen 
system using the values k, = 6.1 x 10m4 
Cal/cm s degC for nitrogen, k, = 7.4 x lo- ’ 
cal/cm s degC for uranium, and k. = 1.46 x 1 O- 3 

Cal/cm s degC for the oxide coating. This last 
value for the oxide coating was obtained from 

I; 
- = 0.093 + 0.761~ 

0.76 
~ 

k, (A, “_ 1) - (AS - 1)2 In 
(As - $6’0.761 + 0.5971,) (7) 

where 

and G = @76 f R, ; 

p = Jo.577 - R:; 
equation (4) using the experimentally measured 
conductivity of the fully oxidized powder (O/U 

a = p2/2 (1 - 21, + 12,) ; atom ratio 244). The results of these calcula- 
b = 0.76; tions are shown in Fig. 14. The predicted be- 
c = +(A, - 1); havior of the thermal conductivitjes corres- 
A =4ac-b2; ponds well with the experimentally obtained 
& = k&k,. conductivities, showing an initially sharp de- 
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PARALLEL CONDUCTION 

0 

COATED CUBE 

ORTHORHOMBIC COATED SPHERE 

EXPERIMENTAL 

I I I I 
0 0.5 I.0 I.5 2.0 

OVERALL O/U RATIO 
5 

FIG. 14. Effect of oxide coating on thermal conductivity of uranium powder (- 70 + 80 mesh) 
in nitrogen at 25°C (I;). 

crease followed by a more gradual decrease 
with increasing extent of oxidation. Predicted 
thermal conductivities using two other models 
are also shown in Fig. t4, neither of which give 
as good agreement with the experimental points 
as the orthorhombic model. The first of these is 
a simple parallel conduction model, while the 
second is a combination parallel-series conduc- 
tion model assuming the particle is a coated 
cube. 
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R&mI&La conductivtte thermique effective de quelques systemes gaL-poudre de spheres metalllques 
a tte mesuree en utilisant une methode transitoire avec source lineique. La variation de la conductivitc 
thermique effective a tte determinee lorsque la pression du gaz, la temperature et la taille de la particule 
changent, et les rtsultats ont Cte compares avec des experiences anterieurcs. Des poudres d’uranium et de 
zirconium ont Cte oxydees et I’on a trouve que la conductivite thermique effective a la pression atmos- 
pherique diminuait lorsque I’oxydation etait plus profonde. Une expression pour des poudres de spheres 
empilees au hasard (porosite = 0,40) a et& exposee en employant un empilement orthorhombique et 
en supposant un flux de chaleur lintaire. On I’a verifiee dans une gamme de rapport de la conductivite 
globale du solide a la conductivitt globale du gaz allant du simple au quadruple et I’on a trouve que I’accord 
etait raisonnable. Le traitement a et6 etendu au cas de particules metalliques revetues d’oxydes. On a 
trouvt un accord avec les experiences d’oxydation d’uranium dans-lesquelles une diminution brutale 

dans la conductivite thermique effective a Btt rema quee dans les &apes initiales de I’oxydation. 

Znsammenfasaung-Die scheinbare Warmeleitfahigkeit einer Reihe kungelformiger Metallpulver 
Gassysteme wurde gemessen mit einer instationaren Methode und linienformiger Wlrmequelle. Ande- 
rungen der scheinbaren Wlirmeleitfahigkeit mit Anderung des Druckes, der Temperatur und der Partikel- 
griisse wurden bestimmt und die Ergebnisse mit frtiheren Versuchen verglichen. Uran und Zirkonium 
wurden oxydiert, wobei sich zeigte, dass die scheinbare Wlrmeleitfahigkeit bei Atmospharendruck mit 
dem Oxydationsgrad abnahm. Fin Ausdruck fur wahllos angeordnete kugelfiirmige Pulver (Hohlrauman- 
teilO,40) wurde entwickelt, wobei eine orthorombische Stapelordnung bentitzt und ein linearer Warmefluss 
angenommen wurde. Dieser Ausdruck wurde bis zum vierfachen Wert des Verhiiltnisses der Festkorper- 
leitfahigkeit zur Gaswlrmeleitfahigkeit geprtift, wobei sich annehmbare Ubereinstimmung ergab. Die 
Untersuchung wurde auf Metallpartikel mit Oxydschichten ausgedehnt. Es zeigte sich Ubereinstimmung 
mit den Versuchen der Uranoxydation, in denen ein starker Abfall der scheinbaren Wlrmeleitfahigkeit 

in den Anfangsstadien der Oxydation auftrat. 

kiHOTfll~W+-C IIOMOmblO MeTOfla ~K2CTaln4OlIa~~LiOrO nnneii~oro MCT~YIIMKL~ Lwfepena 
3L$LjCKTnBHaR TenJIOnpOBO~lLOCTb pnfia CnCTeM c$EpnYeCKne MeTaJL3nqeCKMe nOpOUIKWra3. 
YCTaHOBneHa 3aBnCHMOCTb 3~~eKTMBIIOti TenJIOnpOBO~t~OCTn OT n3MeHeHnfi ~aBJLeHMA ra3a, 
TeMnepaTypbI n pa3MepoB VacTnq. Pe3yJLbTaTbl CpaBlIHBaJIMCb C AaHHbIMM IIpe~bJnylnnX 
3KCnepMMeHTOB.OKnCJInJIMCb nOpOlLlKI4 ypanan nnpKO~lnn,n 6blJIO HatiAeHO,YTO CyBeJInW- 
nAeM CTeneHM OKMCJleHMR npn aTMOC+epHOM HaBJIeHnn @$IeKTIIBHaR TenJIOnpOBOAHOCTb 
CHMWaJICb. Ha OCHOBe pe3yJlbTaTOn Ann pOM6nYeCKOti yKJlaAKH II B AOnymeHnlr JInHetiHOCTn 
TennoBoro noToKa nonyseH0 BbLpaweHne Ann 6ecnopnAosHoG yKnaAKa c@epwsecKnx no- 
pOmKOB (KO3@_fLnnneHT nOpnCTOCTn = 0,40). 

nponepna sbtpa%errrrn nonaaana xopomee cor3naAerine AannHx. MeTOn pa3nnT na cnysai 
MeTaJIJIwieCKnX YacTnn c OKBCHMMH nOKpbITMnMn. nonyseH0 xopomee cornacae c aKcnepa- 
MeHTaMH n0 OKMCJIeHHH) ypaHa, I'Ae Ha6nIoAanOCb pe3KOe CHll)KeHne BL$#eKTABHOti TenJIO- 

IlPOBOAHOCTkI B Ha'IaJlbHblX CTa@iRX OKPICJIeHHn, 


