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A comparative method  lias  been developed for the determination of surface areas of UO:  pow-
der. The method del iends on the sorption of phosphate ions from a solution containing P-32 labeled 
Nall 2 PO4  on the powder surface. By comparison with samples of known surface area, measure-
ments have been obtained in the range 1.0-14 meterl/gm. The internal consistency of the method 
is better than ±2% and agreement with measurements by the 13ET method averages around ±5%. 
The method is simple and fairly rapid, and can be adapted to irradiated material. 

INTRoDucTIoN 

The specific surface area of tIO 2  powder is one of 
the factors which rontrol the sintering properties of 
the powder in the fabrication of reactor fuel rods. 
In general, a high sinter density  eau  be achieved 
from powders having a .large specific surface area 
(/). A minimum of about 3-4 meters/gm is required 
to approach the theoretical 110-2  density of 10.97 
gm/ce (2, 3) in any technologically acceptable 
sintering cycle. 

A n i mber of methods  eau  be used to measure the 
specific 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 permeabilit•y- through the powder. The 
sorption can be either from a gas or from a liquid. 
The gas methods are based on sorption of a gas, 
e. g., nitrogen, the inert gases, or hydrocarbons, at 
low temperatures. The basic principle g if  all the 

gas • adsorption methods is that proposed by 
Brunatter cl al. in 1938 (ô ). Although very reliable 
(6), and applicable to many types of poWder (in 

a range front 50 em2/gm (7) up to a few thousands 

of 'square  met ers per gram), the method is still 
relatively complex in spite of many recent improve-
ments in technique.' For this reason it was felt 

• Published with  permission  of the Director, Mines 

Branch, Department of Mines and Technical Surveys. 
Ottawa, Canada. 

' A gas sorption method has been used recently to deter-
mine the specific surface area of irradiated I70.2  powder (8).  

worthwhile to explore the possible use of liquid 
sorption methods for rapid relative det•erminat•ions 
of surface areas. 

Surface area  determinat  ions  depending on sorp-
tion from a liquid are generally based on sorption of 
fat•ty acids  from  organic solutions. Although as 
accurate as the  gas sorpt•ion methods (9), they do 
not have the saine range of applicability. Moreover, 
they require fatty acids and solvents of the highest 
purity and, in certain cases, vacuum apparatus t•o 
desorb any gas from both the solution and the 

•powder (4). Both types of sorpt•ion met•hods give an 
absolute value of the surface area, but depend on an 
accurate knowledge of the space occupied by a 
single molecule of the adsorbed species. 

The gas permeability met•hod, measuring the 
dynanties of a gas flow through a packed bed, gives 
only the surface area of the open pores. This means 
that for porous material having a large fraction of 
open, re-entrant pores the values of the specific 
surface area measured with the gas perineability 
method are generally lower thatt the values obtained 
with the sorption method (7). The present research 
resulted from an attempt to obtain a quiek, simple 

method for measuring the specifie surface area of UO2  
powder in the range used for fuel-rod fabrication. 
However, it may also be used to measure a wider 

range of areas. 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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orthophosphate--from an aqueous solution at room 
temperature on a reference sample and on the 
powder under examination. 

THE0RY AND PROCEDURE 

Uranium dioxide has refractory properties and is 

attacked readily  only  by oxidizing agents. This im-

plies that a medium-strength, nonoxidizing, nonre-
during aeid should adhere to the surface of UO2  
without oxidizing or corroding it. A solution of 
sodium dihydrogen orthophosphate was found suita-

ble for this purpose. A radioisotope of phosphorus, 
P-32, is readily available in high specific activity, 

carrier-free solutions  as H 21)3204  . l'-32 is a pure beta 

emitter (.E,„„„ = 1.71 Mev, T1/2  = 14.3 days), easily 

measured by a standard Geiger counter. These prop-

erties make the use of 1)-32 labeling very convenient 

tt.s a means of measuring the phosphate concentration 

in a solution—one simply adds a known amount of 
the carrier-free 11 3P3204  to the phosphate solution 

and then counts for a known period of time with a 
Geiger counter. Any decrease in the phosphate con-

centration can be followed by a proportional de-

crease in the counting rate. It has been observed that 

the reaction of phosphate ions, at mom temperature, 

on UO3 powder is an itTeversible reaction which, 

after an initial period of time, shows a very slight 

linear increase with time ( Fig. 1). This increa.se is 

pmbably  (hue tn the building up of one or more layers 

of phosphate ions on the surface of the uranium 
oxide. It is evident that there is a threshold in the 
concentration of the solution, below which it would 

he impossible to rover the whole surface of a given 

amount of UO2  . A phosphate solution having a con-

centration somewhat above the threshold will show  

a large change in the concentration following the 
sorption on UO2  powder. After a period of shaking 
sufficient for the reaction to reach the linear section 
of the curve (Fig. I), the ratio of the change in I'-32 
concentration, due to a sample of unknown surface 
area, to the change in P-32 concentration with 

another sample of known surface area, is, within the 
accuracy of this method, equal to the ratio of the 
surface areas of the two powders. 

EX1'ERIMENTAL PROCEDURE 

One gram of 1102 powder, without any pre-treat-

ment, was accurately weighed into each of four 
Lucite' test tubes. TWO of the samples were the un-

known powder, and two were reference powder sam-

ples of known (BET) surface area. The phosphate 

solution  was a Nal-121104 solution with an activity of 
about 2 itC/m1 (for H 31'2204). Fifteen milliliters of 

this solution were poured very earefully into each 

test tube. Each test tube was then reproducibly 

positioned in a paraffin block at a fixed distance 

beneath an end-window Geiger counter (Fig. 2) and 
counted for 2 min. -Due to the careful addition of the 
liquid over the powder in the test tube the UO2 re-

tnained at the bottom and did not affect the counting 

rate.' The first count  vas  thus proportional to the 

In some preliminary éxperimental work, using glass 
test tubes, it was fottnd that counting errors were intro-
duced due to variations in the internal diameter of different 
test tubes. They were therefore replaced by Lucite test 
tubes which possessed a much more uniform cross section. 

' Ta-o centimeters of water are more than enough to stop 
all the beta and alpha particles from natural uranium. The 
Geiger counter, on the other hand, is relatively inefficient 
for detecting ganuna radiations, which are usually low in 
intensity in purified  Ut),.  
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concentration of the solution before sorption. (This 
pmcedure was found more convenient in praetice 
than the reverse one of adding known amounts of 
powder to the liquid and it was verified experi-
mentally that no appreciable error was introdttced 
fmm instantaneous sorption effects.) 

After counting, the test tubes were closed with a 
polyethylene-covered rubber stopper and agitated 
for half an hottr. This time was more than enough to 
reach saturation adsorption of phosphate on the  

uranium  dioxide powder. Following shaking, the test 
tubes were centrifuged for 10 min t,o remove the UO, 
powder from suspension. The liquid phase in the 
tubes was then counted again for 2 min. The second 
eount was proportional to the phosphate concentra-
tion after sorption. The difference between the two 
count rates was' then proportional t,o the amount of 
phosphate adhering to the surface of the powder. If 
ei m  and ,C, A2  are the differences in count rate before 
and after shaking for two samples of the ttnknown 



	

Type of solution 	10-1  3/ 	8.43 X 10-1  AI 	Distille( 
Nall 2 1'04 	112PO4 	water 

	

Amount of solu- 	20 	 18 	 20 
lion used  (uni)  

Amount 	of 	UO2 	1.85 	1.75 	1.92 
powder used for 
the 	immersion 
(gin)  

lime 	of 	limner- 	18.5 	10 	 19 
sion (hr) 

	

UO2 found in solu- 	1.154X10- ' 	0.06X 10-1 	2.25X 10-  
tion after filtra-
tion (gm)" 

" The analyses of the UO2 content in the solutions were 
made by the fluorophototnetrie method (10). 

solution. Table II compares the effects of corrosion 
observed by simply immersing the same UO 2  powder 
(7.71 meter2/gm) in different solutions. 

In the case of solid samples, which present a 
much lower surface area, the phosphoric acid solution 
did not eorrode the sample appreciably. Only 1.155 
X 10-6  gm of 110 2  dissolved  from  a sintered UO 2  
pellet (density 10.53 gm/cc; diameter 1 cm) which 

had one side immersed for 15 hr in 4 ml of 1.7 
X 10-  Ail  11 21'04  (containing one drop of 110, 
s(1  that the pH was approximately 2). Moreover, 

an x- ray examination of the part of the sample 
exposed to the solution did  not  show the presence 

of a phosphate compound. From the experience 
with the  • 02  pellets  it  was found to be easier and 

more accurate to measure the decrease in counting 

rate of the phosphate solution with a Geiger tube, 

rather than the increase in the activity of the UO2  
sample with a scintillation counter. 

The specifie activity of the phosphate solution 

was chosen  at  the level of 2 2C/ml, because it, is 

possible to achieve good counting statistics with 

only two minutes of counting. However, some 

experiments wete carried out at, the level of 0.5 
pC/ml, and at, counting flutes of 10 min. 

DETEcTon CimancTeausTics 

The Geiger counter used in this work was a self-

quenching end-window counter of type TGC-2. 

Its dead tinte was determined by the method of 

t wo sources (//). The two sources were 110 2  sheered 

pellets of about. 10 gm each, with an activity of 

about 102  coffitts/min each. The dead time  vas 

 found to be 150 eiscc. No electronic quenching circuit 

vas  used with the Geiger counter. No corrections 

were applied to the counting results for the increase 

TABLE II 
COMPARISON OF CORROSION .  LOSSES 

111EASUREAIENT 	stiltleACE AREA ole tro,, BoWDER 	 51 

powder, and am  and à142  are the corresponding dif-
ferenees in counting rate of two samples .  of the ref-
erence powder, one can write: 

,à 

 

A1  ± d‘A 2 	•el fret 

81 ■JIII2 	A re f • 

EX PERIM ENTA DETAILS 

CouNTEn ASSENi lILY 

The para ffi n holder for the test tel  is placed 
under the Geiger counter in a brass box (30 cm 
high, 13 cm deep, 13 cm wide) that is completely 
open in front. The paraffin holder can slide out of 

. the brass box for the positioning and for the removal 
of each test tube. Three lead bricks shield the closed 
sides of the brass box. A blaek 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 Ltleite-
lined shaft for a length of 2 cm (Fig. 2); The pltit-
form can be moved from outside the brass box by 
Mealei of two nylon strings passing through 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 positio n.  of the menisctis 
of the liquid inside the test tube always at the same 
distance (6 cm) from the Geiger counter. The Lucite 
ring at the top of the paraffin container serves both 
as a holder of the test tube and as a referenve point 
for the liquid meniscus. 

SoLuTtoNs 

The phosphate solution for each experiment was. 
prepared.  by dihiting an appropriate amount of a 

stock phosphate solution having a concentration 

10-t AI of Na1I 2 1'0 4 . Table I indicates the opti-
mum concentration of the phosphate solution for 

the expected surface area s . 

The pif  of these solutions does not, vary signifi-
cantly with the concentration of the phosphate, 
showing a value of 4 from concentrations of 2 M 
doWn to 0.03 M of Nat 1 2 1 Corrosion of 1702 
is not an important problem with this phosphate 

TABLE I 
SUI TA FILE PHOSPHATE CONCENTRATIONS 

Surface arca (meterligm) 	Concentration (10-1  M) 

5 
5-2  .5  
2.5 

2.5-0.62 
0.62-0.31 

20 
15 
10 
5 
0.5 
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15 

14 

13 

12 

10 

in counts due I o mut I ering (12) of t he beta radiation 
by the air moleettles in the ti cm between the Geiger 
counter and the source. 

EX l'Elt 1/11 ENTA  I It ESULTS 

l'he experimental results are shown in Fig. 3. 
The ordinate represents the BET surface area, and 
the abscissa the phosphate sorption surfare area 
nit•astirenients. Th, straight line has a slope of 45 
deg. It is evident that there is fairly good agree-
ment between the two  met 110(15.  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 
‘vith the phosphate sorption method are in good  

agreement with those obtained . with the BET 
method, with the exeeption of one powder having 
the 131 ■71' surface area value of 1.97 meter2/gm. The 
phosphate sorption value for this powder is about 
50% higher than the BET value; however, it is 
obvious from Table III that there was a remarkably 
high internal consistency in measurements on this 
sample. 

In the preparation of synthetic mixtures the 
method of blending was found to be critical. It  has 
been found experimentally that it is very difficult 
to achieve good mixing of fine powders by a dry 
method, because of the electrostatic charges on the 
surfare of the powder which produce agglomerates 
of fine particles that do not mix evenly. One-grana 
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Experimental Method of results 	Average value Percent error 
(meterVgm) 	 preparation° 

•. 

	

1.06 	 A 
1.04 	1.28 

	

1.02 	 A 

3.13 A • - 

	

2.82 	 A 

	

2.63 	2.94 	2.2 	 A 

	

2.97 	 A 

	

3.15 	 A 

	

2.75 	 A 

	

2.54 	2.69 	1:98 	- A 

	

2.80 	 • 	A 

	

4.50 	 A 

	

4.15 	 A 

	

4.23 	 A 

	

4.18 	4.40 	1.26 	 A 

	

4.45 	 A 

	

4.68 • 	 A 

	

4.64 	 A 

10.43 	 II 
10.03 	2.5 9.6-1 	 11 

	

14.35 	 A 

	

14.12 	 A 
14.13 	1.05 

	

13.50 	 A 

	

14.54 	 A 
l■lenn per Cent error ± 1.7 

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

VII « - zi) 1/n(n  -  1) 
Percent error 	 X 100 

where  2  =  average value, and n number of runs per pow-
der sample. 

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

- 	 1/1sCussIoN • 
The' phosphate sorption method, based on the 

comparison between the sorption of an active 
phosphate  ion on a reference sample of known 
surface area and on "the powder under examination, 
does not require any pre-treatment of the powder 
itself. The internal consistency is fairly high, of the 
order of ±2% as seen from Table III. The sampling 
is a crucial point,. Due to the small amount of 
powder (1 gm) used, it, must be free of large lumps 
which would introduce major errors in surface 
determinations. From this point of view, represen-
tative sampling is of major importance and sampling 
errors form the biggest, factor in the discrepancy 
between the two methods, which has a mean value 
of ±5-6%. It shottld be pointed out that the BET 
values were always taken as reference standards, 
which means that the accuracy given above is not 
absolUte, but relative to that  of the BET method, 
which itself is subject, to errors of the order of 
±3-5%. 

Experiments were performed to see if  it  was 
possible to measure the surface area of sintered 
U92  pellets. The diffusion of the phosphate solution 
through the capillaries of the solid satnples proved 
to be a very slow process compared with that of a 
gas, so that the surface area obtained was the geo-
tnetrical area only. For that reason the phosphate 
sorption method appears to be less useful when 
dealing with snit:ere(' UO2 samples. 

For routine work the system could 1;e calibrated 
with known samples and the use of reference samples 

MEASUREME>;T OF SURFACE AREA OF  Ut),  POWDER 

samples taken from larger mixtures obtained by 	 TABLE 1V 

previous mixing of appropriate amounts of two 	 COMPARISON Or TOE TWO METHODS 

powders showed bigger discrepancies from the 	 Phosphate 

	ration

BET 
BET sur 	 Method face area values than did those samples in 	Number sorption -um 	 surface 

	

area 
 ber 	of 	 Percent 

which the two powders were merely combined in the 	saofmtihiee  surface aerr IN 	

(mererii 
of runs . prepa- 	 deviation 

° sanie ratios up to. 1 gm inside the test tube. This 	 (meterligm) 	gml 

etreet was clearly due to difficulties in obtaining 
1 	1.04 	2 	A 	1.06 	-1.88 truly representative samples for the former mixtures. 
2 	2.94 	5 	A 	1 . 97 	+49.3 

	

The internal consistency of the method is shown 	3 	2.69 	3 	A 	2.75 	-2.18 
in Table III. It is seen to be better than ±2% on 	4 	4.40 	7 	A 	4.60 	-4.35 

the average. Table IV shows a comparison with the 	5 	5.26 	1 	B 	6.15 	-14.5 

BET values of the results obtained mith the phos- 	6 	6.28 	1 	B 	6.56 	-4.27 
7 	7.52 	1 	B 	7.86 	-4.33 phate sorption method  foi'  various powders, both 
8 - 	10.03 	2 	B 	9.50 	+5.58 

those tested as received, as well as for synthetic 	9 	11.0-1 	1 	B 	11.13 	-0.81 
mixtures mixed inside the test tubes. 	 10 	13.78 	1 	B 	11.95 	+15.3 

11 	' 12.90 	' 1 	B 	12.44 	+4.50 

TABLE III 	 12 	14.13 	4 	A 	14.40 	-1.87 

INTERNAL CONSISTENCY OF IIESULTS 
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