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High Accuracy Measurements of Bulk Densities of ThO2 and (Th,U)O2

Microspheres by Mercury Pycnometry

Shigeru YAMAGISHI, Yoshihisa TAKAHASHI and Koreyuki SHIBA

Department of Fuels and Materials Research,

Tokai Research Establishment, JAERI

(Received September 22, 1983)

To determine accurate volumes of granular samples by mercury
pycnometry, a special pycnometer was designed and made of glass.
It has only one narrow inlet and no taper-joint pertion which
introduces a main error into measurements by using ordinary pyeno-
meters. In addition, the position of mercury surface at the narrow
inlet was precisely observed by a microscope and corrections of
mercury weight were made for the gurface deviation from the standard.
The above improvements decreased the error in volume measurements
to 0.0001 cm3; bulk densities of ThO2 and (Th,U)O2 microspheres were
determined within an error of 0.01 g/cm3 for samples of 1.5 g.
Such accurate measurements gave interesting information about the
microsphere-density variation in production batches which depended

on relative density of the microspheres.

Keywords : Mercury Pycnometry, Special Pycnometer, Accuracy,
Bulk Density, Microsphere, Volume Measurement, Correction,

Squrface Deviation, Density Variation, Production Batch,
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Table 1 Errors in measuring pycnometer- and sample-volumes by

using the special pycnometer shown in fig. 1,
calculated for T=24°C, H=0.2mm by estimating errors as
AW=0.3umg, AH=0,lmm and AT=0.3K

(n: times of pycnometer-volume measurements)

Error (10-5 cmB)

n
AVt(for pycnometer) AVs(for sample)
v =0.Olcm3 v =0.lcm3 v =1cm3
5 s s

1 i3 18 18 16

2 9 16 15 14

3 7 15 14 13

5 6 14 14 12
10 4 13 13 11

Table 2 Reproducibility of pycnometer-volume measurements

No. Press. Temp. Surface Pycnometer—-volume (cm3)
deviation,
(Pa) {(°C) B (mm) V_t_ ave, st.dev.(d n__]_)
1 ‘ 24.3 0 1.42578
<0,13 244 —0.1 1.42580 1.42579G O.OOOO]_4
3 23.6 -0.1 1.42574
4 0.67 23.6 0.1 1.42575 1.4257&5 G.OOOOO7
5 23.5 0.5 1.42581
6 23.5 1.3 1.42581
7 23.5 -0.1 1.42581
8 1.33 23.5 0.3 1.42584 1.42579l 0.000041
9 23.5 0.3 1.42578
10 23.0 0.2 1.42571
11 23.0 0.2 1.42578
12 23.6 0.2 1.42537
13 13.3 23 6 0 1.42532 1.425345 0.000035
1-11 <1.33 . ’ 1.425783 0.000037
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Table 3 Reproducibility of volume and density measurements
for the same ThO, microspheres{1.5142 g)

No. Temp. Surface Volume Density,
deviation,
(°C) H (mm) v, (cm3) Pq (g/cmB)

1 24.8 -0.2 0.15823 9.370
2 24.8 -0.1 - 0.15824 9.569
3 25.0 -0.1 0.15824 9.569
4 25.0 -0.15 0.15827 9.567
5 25.0 0 0.15833 9.563
6 25.0 -0.1 0.15831 9.565
7 24.9 0 0.15824 9.569
3 24.9 -0.2 0.15823 9.569
9 24.9 -0.1 0.15819 9.572

ave. ().]“5825_3 9.5681
st. dev. (0 __4) 0.00004, 0.002,

Table 4 Errors AV  in sample-volume measurements calculated
for varying AW, AH or AT by a factor of 2 from each

evaluated 3
(Calculation conditions: Vt=l.42578 em”, T=24°C,

H=0.2 mm, n=3 and m=1)

‘ Error AVS (lO“5cm3)
AW AT AH
{mg) (X) {(mm) VS=O.Olcm3 VS=0.lcm3 Vs=lcm3
0.3 0.3 0.1 15 14 13 (evaluated)
0.15 0.3 0.1 14 14 12
0.6 0.3 0.1 16 16 14
0.3 0.15 0.1 13 12 12
0.3 0.6 0.1 21 21 15
0.3 0.3 0.05 11 11 8
0.3 0.3 0.2 24 24 23
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Table 5 Effects of measurement times n and m on errors AV_ for
sample volumes s
(n: for pycnometer volume V_ , m: for residual volume V
on loading pycnometer with samples. *
Calculation conditioms: V_=1.42578 cm™, T=24°C, H=0.2 mm,
AW=0.3 mg, AH=0.1 mm and BT=0.3K.)

-5 3
0+ m o o Error AVS (10 “em™)
3
VS=O.Olcm3 Vs=0.lcm Vszlcm3
2 1 1 18 18 16
& 2 2 13 13 12
3 1 15 14 13
1 3 15 15 14
6 3 3 10 10 10
5 1 14 14 12
1 5 14 14 14
8 4 4 9 9 8
7 1 14 13 11
1 7 14 14 13
10 5 5 8 8 7
9 1 13 13 11
1 9 13 13 13
20 10 10 6 6 5
19 1 13 13 11
i 19 13 13 13
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Table 6 Bulk and apparent densities of Thl_XU O2 microspheres
determined respectively by mercury pycnometry and by
a buoyancy method using carbon tetrachloride

Sample Dia. U-content, Density (g/cms) Relativg
100x Bulk Apparent density
G ) Tl M P ¢
G454S 502 0 9.891 ¢©.011 9.891 0.028 98.88
G4345 516 0 9.554 0.005 9.580 0.026 95.52
G4308 1079 Q 8.724 0.008 8.801 0.035 87.22
G4128 500 0 9.567 0.003 $,559 0.026 95.65
G4558 490 6.0 9.964 0.015 10.022 0.026 99.07
G456S 489 10.2 9,988 (.008 9,987 0.034 98.92
G4238 510 15.8 10.059 0.009 10.108 0.029 95.11
G4278 1064 15.3 10.076 0.007 10.064 0.037 99.28
G4573 483 20.1 10.056 0.009 13.162 0.030 98.68
G4585 512 20.8 10.107 0.008 10.113 0.034 99.12
G4395 484 24.9 10.131 0.005 10.192 0.036 98.98
G437S 484 25.8 10.167 0.007 10.159 0.029 99.25
G464S 517 30.4 10.149 0.004 10.213 0.036 98.65
G467S 500 30.4 10.164 0.007 10.270 0.036 98.80
G468S 1032 30.4 10.163 (.006 10.185 0.029 98.79
G46585 513 35.1 10.127 0.003 10,201 0Q.027 98.01
G466S 1027 35.1  10.167 0.007 10.253 0.051 98.40
G4695 541 40.1 9.541 0.004 9.943 0.033 91.91
G4708 1057 40.1 9.857 0.008 9,951 0.029 94.95

%] Evaluated by eqgs. (10)~-(15)
%) FEvaluated as in ref.(8)

%3 Bulk density/Theoretical density



Table 7 Variation of densities in production batches for Th

batch. Each sample is about 1.5 g in weight.

JAERT-M 83-168

U o
microspheres. Densities were measured for 10 samples pér

Batch No. G4345S G4545 G458S G4698
U-content, 100x(%) 0 0 20.8 40.1
Batch size {g) 40,0 133.9 98.4 91.8
Obs, density, ps(g/cm3) 1 §.551 9.892 10.122 9.518
2 9.561 9.3888 10,311 . 9.535
3 9.554 9.891 10.109 9.553
4 9.537 9.895 10.113 9.542
5 9.543 9.889 10.121 9.476
6 9.554 9.886 10.113 9.531
7 9.571 9.883 10.118 9.553
8 9.580 9.882 10.111 9.522
9 9.568 9.894 10.124 9.550
10 9.545 9.891 10.106 §.533
Error evaluated, Aps 0.009 0.009 0.010 0.008
Average,'as 9.556, 9.889, 10,1144 9.5314
Standard deviation, 0L 0.0129 0.0042 '0.0058 0.0218
Relative density (%) 95.54 98,87 99.20 91.81

* (55 / theoretical density)x100
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Fig. 1 Special pycnometer

LEAK VALVE

C“‘“‘PV

YCNOMETER
,§1> (SPECIAL)

-

MERCURY

Fig. 2 Apparatus for £illing a pycnometer with mercury
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