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A comparative method has been developed for the determination of surface areas of UO; pow-
der. The method depends on the sorption of phosphate ions from a solution containing P-32 labeled
Nall;POy on the powder surface. By comparison with samples of known surface area, measure-
pwnts have been obtained in the range 1.0-14 meter’/gm. The internal consistency of the method
i8 better than 29, and agreement with measurements by the BET method averages around +5¢.
The method is simple and fairly rapid, and can be adapted to irradiated material.

INTRODUCTION

The specific surface arca of UQ, powder is one of
the factors which control the sintering properties of
the powder in the fabrication of reactor fuel rods.
In general, a high sinter density ean be achieved
from powders having a large speeific surface area
(7). A minimum of about 3-4 meters/gm is required
to approach the theoretical UQy density of 10.97
gm/cee (2, 3) in any technologically aceeptable
sintering cycle,

A number of methods ean be used to measure the
speeific surface area of powders (4). Among the
most. common methods in routine analyses are those
depending on sorption onto the surface of the powder,
or on air permeability- through the powder. The
sorption can be cither from a gas or from a liquid.
The gas methods are based on sorption of a gas,
c. g., nitrogen, the inert gases, or hydrocarbons, at
low temperatures. The hasie principle of all the
gax - adsorption  methods ix  that  ptroposed by
Brunauer ef al. in 1938 (5). Although very relinble
(6), and applicable to many types of powder (in

worthwhile to explore the possible use of liquid
sorption methods for rapid relative determinations
of surface arcas.

Surface area determinations depending on sorp-
tion from a liquid arc generally based on sorption of
fatty acids from organie solutions. Although as
accurate as the gas sorption methods (9), they do
not have the same range of applicability. Morcover,
they require fatty acids and solvents of the highest
purity and, in certain ciises, vacuum apparatus to
desorb any gas from Doth the solution and the

“powder (4). Both types of sorption methods give an

a range from 50 em?gm (7) up to a few thousands-

of square meters per gram), the method is «till
relatively complex in spite of many reeent improve-
ments in technique.t For this reason it was felt

* Published with permission of the Director, Mines
Branch, Department of Mines and Technical Surveys,
Ottawa, Canada.

U A gas sorption method hias heen used recently to deter-
mine the specific surface aren of ireadiated UOs powder (8).

{8

absolute value of the surface area, but depend on an
accurate knowledge of the space occupied hy a
single molecule of the adsorbed speeies.

The gas permeability method, measuring the
dynanties of a gas flow through a packed bed, gives
ouly the surface arca of the open pores. This means
that for porons material having a large fraction of
open, re-entrant pores the values of the specifie
surface arca measured with the gas permeability
method are generally lower than the values obtained
with the sorption method (7). The present rescarch
resulted from an attempt to obtain a quick, simple
method for measuring the specifie surface area of UQ,
powder in the range used for fuel-rod fabrication.
However, it may also be used to measure a wider
range of arcas. It does not require any pre-treatment
of the sample. The method is not absolute and is
based on a comparison between the sorption of an
active molecule—radioactive sodium  dihydrogen
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MEASUREMENT OF SURFACE AREA OF UO, POWDER 51

powder, and Ag; and Ay are the corresponding dif-
ferences in counting rate of two samples of the ref-
crence powder, one can write:

Qa4 By _ Apew
Api + Ap At )
EXPERIMENTAL DETAILS
CouNTER ASSEMBLY
The paraffin holder for the test tube is placed
under the Geiger counter in a brass box (30 ¢m
high, 13 cm deep, 13 em wide) that is completely
opent in frout, The paraffin holder can slide out of
. the brass box for the positioning and for the removal
of cach test tube. Three lead bricks shicld the closed
sides of the brass hox. A black paper cover is put on
" the open side while the Geiger counter is operating
to exclude daylight from the Geiger tube. In the
interior of the paraffin container there is a movable
platform, free to move up and down in a Ladcite-
lined shaft for a length of 2 em (Fig. 2). The plalt-
form can be moved from outside the benss hox by
means of two nylou strings passing tliwough the
paraffin container and the brass box, guided by two
glass tubes of very.small diameter. The function of
the platform is to keep the position of the meniscus
of the liquid inside the test tube always at the same
distance (6 em) from the Geiger counter. The Lucite
ring at. the top of the paraffin container serves hoth
as a holder of the test tube and as a reference point
for the liquid meniseus. '

SoLuTiONS

The phosphate solution for cach experiment was,

prepared by diluting an appropriafe amount of a
stock phosphate solition having a concentration
10~ M of Nall,P’O4. Table T indicates the opti-
mum concentration of the phasphate solution for
the expected surface arcas,

The pll of these solutions does not vary signifi-
cantly with the concentration of the phosphate,
showing a value of 4 from coneentrations of 2 A/
down to 0.03 M of Nall,PO, Corvosion of UQ,
is not an important. problem with this phosphate

TABLE I
STABLE PHOSPHATE CONCENTRATIONS

Surface arca (metcr’/gm) Concentralion (1072 M)

20 . 5

15 52.5

10 2.5

5 2.5-0.62
0.5 0.62-0.31

TABLFE 11
ComrarisoN or CorrousloN Lossks

10" 843X 10 M| Distilled

T'ype of solution NaH,PO, H. PO, water
Amount of solu- 20 18 20
tion used (m!)
Amount of UQ. 1.85 1.75 1.92

powder used for
the immersion
(gm)

Time of immer- 18.5 16 19
sion (hr)

UO;foundin solu- | 1.1564X10°¢ | G.06X 102 | 2.25% 10
tion after filtra-
tion (gm)*

* The analyses of the UU; content in the solutions were
made by the fluorophotometric method (10). '

solution. Table Il compares the cffects of corrosion
observed by simply immersing the same UO, powder
(7.71 meter?/gm) in_different solutions,

In the case of solid samples, which present a
much lower surface arca, the phosphoric acid solution

* did not corvode the sample appreciably. Only 1.155

X 107 gm of UO, dissolved from a sintered U0,
pellet (density 10.53 gm/cc; diameter 1 em) which
had onc side immerged for 15 hr in 4 ml of 1.7
X 1077 A H;PO4 (containing onc drop of HCI,
sa that the plIl was approximately 2). Morcover,
an x-ray cxamination of the part of the sample
exposed to the solution did not show the presence
of a phosphate compound. From the cxperience
with the UQ; pellets it was found to be easier and
more accurate to measure the deerease in counting
rate of the phosphate solution with a Geiger tube,
rather than the inerease in the activity of the UQ,
sample with a scintillation counter.

The specifie activity of the phosphate solution
was chosen at the Jevel of 2 uC/ml, beeause it is
possible to achieve good counting statisties with
only two minutes of cannting. However, some
cxperiments were carried out at the level of 0.5
pC/ml, and at connting times of 10 min.

Derrcrorn CHARACTERISTICS

The Geiger counter used in this work was a sclf-
quenching end-window  counter of type TGC-2.
Its dead time was determined by the method of
two sources (17). The two sources were U0, sintered
pellets of about 10 gm each, with an activity of
about 10* cornts/min cach. The dead time was
found to be 150 gsce. No eleetronic quenching circuit
was used with the Geiger counter. No corrections
were applied to the counting results for the increase
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in_counts due to seattering (12) of the heta radiation
by the air molecules in the 6 em between the Geiger
counter and the source,

EXPERIMENTAL RESULTS

The experimental results are shown in Fig. 3.
The ordiuate represents the BET surface area, and
the abseissa the phosphate sorption suiface area
measurements, The straight line has a slope of 45
deg. It ix cevident that there is fairly good agree-
ment between the two methods. Two types of
powders are represented in the diagram: powders
tested as received, and mixtures of them. Among
the powders of the first type, the values obtained
with the phosphate sorption method are in good
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agreement with those obtained  with the BET
method, with the exeeption of one powder having
the BITT surface area value of 1.97 meter?/gm. The
phosphate sorption value for this powder is about
50% higher than the BIET value; however, it is
obvious from Table 11T that there was a remarkably
high internal consistency in measurements on this

“sample.

In the preparation of synthetiec mixtures the
method of blending was found to be eritical. Tt has
been found experimentally that it is very difficult
to achieve good mixing of fine powders by a dry
method, because of the clectrostatic charges on the
surface of the powder which produce agglomerates
of fine particles that do not mix cvenly. One-gram

o joo
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samples taken from larger mixtures obtained by
previous mixing of appropriate amounts of two
powders showed bigger  diserepancies from  the
BIST surface arca values than did those samples in
which the two powders were merely combined in the
same ratios up to. 1 gm inside the test tube. This
cffeet was clearly due to diflieulties in obtaining

truly representative samples for the former mixtures.

The internal consistency of the method is shown
in Table III. Tt is scen to be better than 2% on
the average, Table IV shows a comparison with the
BET values of the results obtained with the phos-
phate sorption method for various powders, both

“thosc tested as received, as well as for synthetic
mixtures mixed inside the test tubes.

TABLE II1
INTERNAL CONSISTENCY oF REsULTS

Experimental

TABLE IV
CompaRrisoN orF e 'Two METHODS

Phosphate Method BET

I\(I)l;n:&er su:?;g‘e“glr,ca N;xmbe roof surlace ll’ex:cc_nl

sample  (average) ' Uns l:t?(;?\; (metert/ ‘'¢viatlon
(meter*/gm) gm

1 1.04 2 A 1.06 —1.88

2 2,94 5 A 1.97 +49.3
3 2,69 3 A 2.75 —-2.18
4 4.40 7 A 4.60 ~4.35

5 5.26 1 B 6.156 -—-H4.5
6 6.28 1 B 6.50 —-4.27
7 7.52 1 B 7.86 —4.33
8 10.03 2 B 9.50 +5.58

9 1.4 I B 11.13 -0.81

10 ~13.78 1 B 11.95 +15.3
11 12.90 1 B 12.44 +4.50
12 14.13 4 A 14.40 —1.87

* A = powders tested as received; B = powders mixed
inside the test tube.

results Average value Percent error Methodlof‘ R
(meter*/gm) preparation b DISCUSSION
1.06 Los 1.28 A The 'ph()sphatc sorption m(‘th'od, based on t'ho.
1.02 A comparison between the sorption of an active
phosphate ion on a reference sample of known
; ;; : surface arca and on ‘the powder under examination,
2.03 . 2.04 2.9 A docs not require any pre-treatment of the powder
2.97 A itsclf, The intcrnal consisteney is fairly high, of the
3.15 A order of 4=2% as seen from Table ITI. The sampling
is a crucial point. Duc to the small amount of
33 2.00 198 . :: powder (1 gm) used, it must be free of large lumps
2.80 A which would introduce major crrors in surface
determinations, From this point of view, represen-
4.50 A tative sampling is of major importance and sampling
4.15 A " errors form the biggest factor in the diserepancy
j]z; 110 10 /’: between the two methods, which has a2 mean value
1.45 A of £5-6%. It shonld be pointed out that the BIST
1.68 A values were always taken as reference standards,
1.64 A which means that the accuracy given above is not
absohite, but relative to that of the BET method,
'2:3 10.03 2.5 :; which itself is subjeet to errors of the arder of
+3-5%.
14.35 A EFxperiments were performed to see if it was
14.12 1413 1.05 A possible to measure the surface arca of sintered
:3? ;‘: UQ, pellets. The diffusion of the phosphate solution

Mean per cent error &+ 1.7

% A = powders tested as received; B = powders mixed
inside the test tube.
VZp (& = 2)Yn(n = D

Percent error = i X 100

where ¥ = average value, and n = numberof runs per pow-
der rample.

through the capillarics of the solid samples proved
to be a very slow process compared with that of a
gas, so that the surface arca obtained was the geo-
metrical arca only. For that reason the phosphate
sorption method appears to be less useful when
dealing with sintered UQ, samples. '

For rontine work the system could be ealibrated
with known samples and the use of reference samples
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could be restricted to periodie cheeks to allow for
the decay of the ™32 activity in the stock solution.
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