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SOL-GEL PREPARATION OF LuWTHANIDE OXIDE MICROSPHERES 
AND CHARACTERIZATION OF SOLS AND GELS O F  LANTHANIDE 

HYDROXIDES, THORIA, URANIA, AND PLWONIA 

C .  J. Hardy 

ABSTRACT 

Laboratory methods have been developed t o  produce m!crospheres of 
lanthanide oxides with a controlled s ize  (50-500 microns diameter), high 
density (up t o  98% of theoretical  crystal  density), low surface area 
(0.01-0.1 m2/g), and good crushing strength, by using so ls  and gels of  
the hydroxides a s  intermediates. Lanthanide oxides i n  t h i s  form are  
usef'u1,as neutronabsorbers i n  reactor control rods, as burnable poisons 
i n  fuel  elements, and as high-intensity B-7 sources innumerous ap- 
plLcations. The knowledge gained i s  being applied tothepreparation of 
oxides of americium and curium for  incorporation i n  targets  i n  the High 
Tlux Isotope Reactor. 

W, visible,  IR, and Raman spectra of sols and gels of lanthanide 
hydroxides, thoria, urania, and thoria-U03 mixtures, were measured t o  
(a) determine the nature of the bonding between the components, e.g., 
n i t r a t e  and lanthanide ions, (b) obtain rapid analyses fo r  n i t r a t e  and 
lanthanide ions, and (c)  determine the s ize  of the colloidal par t ic les  
by turbidi ty  and l igh t  -scattering measurements (both methods gave results 
i n  good agreement fo r  thoria sols  containing par t ic les  of  200 A diameter, 
but appreciably larger than the c rys ta l l i t e  s ize  measured by x-ray l ine-  
broadening; the difference may be due t o  aggregation or  t o  poly-dispersity). 
Preliminary measurements of the turb id i t ies  of plutonia sols were made, 
and d i f f i cu l t i e s  were experienced i n  interpreting the results;  the par- 
t i c l e s  i n  one sol appeared t o  have a diameter of about 640 A and a 
molecular weight of 9 x 10 6 

Sols and gels of lanthanide hyd-roxides and urania w e r e  examined by 
electron microscopy and electron diffract ion t o  determine the size, shape, 
and crys ta l l in i ty  of the  colloidal par t ic les  a t  the various stage i n  the 
processes t o  make microspheres of oxides. Freshly precipitated & hydrox- 
ide contained amorphous par t ic les  of 20 t o  30 A diameter, which when aged 
fo r  days a t  25OC or  hours at 6ooc, changed into primary cubic crystals  of JU02 
v i th  sides 10 t o  20 A which were combined into loose aggregates of up t o  
800 A diameter. Lanthanide hydroxides were also in  the form of amorphous 
par t ic les  of 30 t o  60 A diameter when freshly precipitated. 
into crystal l ine sheets up t o  several hundred angstroms wide when aged i n  
the mother liquor, or  into rods, tubes, or rol led sheets up t o  several 
thousand angstroms long when thoroughly washed and aged i n  water. 
arranged bundles of these rod-shaped crystals  were present i n  microspheres 
of the lanthanide hydroxide gels. 
etched 
t o  1450 C showed grains of width 5 t o  10 
uni ts  of width 0.2 t o  0.5 )I. 
crystal l ine because x-ray line-broadening measurements indicated a 
c rys t a l l i t e  s ize  of 500 t o  700 A. 

These changed 

Randomly 

Electron micrographs of replicas of 
olished surfaces of the dense oxides obtained by heating the gels 8 containing oriented crystal l ine 

The oriented uni ts  were probably poly- 
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1. IWTRODUCTION 
i. 

6 

Methods for  the production of sols and gels of the lanthanide 

elements, and for the characterization of these, and also of sols and 

gels of thoria, urania and plutonia, have been examined over a period 

of 18 months i n  collaboration with merribers of the Chemical Technology 

Division. 

Sols and gels of the lanthanide hydroxides were examined f i r s t l y  

with a view t o  developing a method for  preparing microspheres of dense 

oxides f o r  various applications, e.g., for  incorporation i n  cermets i n  

reactor control rods, and secondly t o  obtain knowledge which would help 

i n  the preparation of microspheres of oxides of americium and curium 

for  incorporation in  targets  i n  the High Flux Isotope Reactor a t  Oak 

Ridge. 

methods and resu l t s  were outlined i n  papers presented at symposia a t  

Berkeley 

i n  an ORNL report i n  course of preparation , hence only a sumnary of 

the work i s  given i n  section 2 of t h i s  report. 

Preliminary resu l t s  were reported i n  internal  memoranda and the 

1 and Denver2 i n  June, 1966. Details of the work w i l l  be given 

3 

Electron microscopy and electron dif'f'raction patterns have been 

used t o  determine the size, shape, and crys ta l l in i ty  of the colloidal 

par t ic les  at various stages i n  the preparation of sols  and gels of the 

lanthanide hydroxides (section 2) and also of U02 (section 3) .  

deta i l s  of the work on U02 a re  given i n  ORNL-3963 , and therefore only 

a summary of the resu l t s  i s  given i n  section 3. 

The 
4 

W, visible,  IR, and Raman spectra of sols and gels of lanthanide 

hydroxides, thoria, urania, and thoria-U0 have been measured t o  (a) 3' 
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rspidiy analyse the concentration of nit rate  and lanthanide ions i n  sols  

and gels, (b) determine the nature of the bonding between the conrponents, 

3 e.g., n i t ra te  and metal ions, and UO 3 
sois, and (c) determine the size of the colloidal particles by turbidity 

adsorbed on particles i n  Th02-U0 

am? light-scattering methods. Preliminary measurements have also been 

=de on Pu02 sols, and these have shown up some problems i n  interpreting 

the  b t a .  The spec-broscopic work is  described i n  de ta i l  In section 4 of 

this memorandum. 

2.  m(EPARAT1ON OF -crE OxTclE MICROSPHERES 
BY SOL-GEL METHODS 

This program was carried out i n  collaboration with S. R. Buxton and 

M. H. Lloyd t o  obtain, on a laboratory scale, microspheres of lanthanide 

oxides with a density close t o  the theoretical crystal  density, and with 

a high crushing strength. 

mediates were characterized by chemical analysis, electron microscopy, 

and spectrcqhotometry. 

3 report i n  course of preparation 

In addition, the sols and gels used as inter-  

Details of the work w i l l  be given i n  an ORNL 

The -in method of preparation of the sols of lanthanide hydroxides 

was as follows: 

(a) the hydroxide was precipitated by adding a 0.2 - M lanthanide 

n i t ra te  solution t o  a 20-fold excess of 8 M - NHkOH s t i r red  

i n  a beaker at 25OC; 

(b) the precipitate was centrifuged and washed with COZ-free 

d i s t i l l ed  water five t o  six times, with intermediate centri- 

-tion and decantation of the wash liquors; a volume of 

about 200 ml of water per g of metal was used and the pH 

of the wash liquor decreased frm ll t o  9.1-9.4. 
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(c)  the damp paste was shaken for a few minutes, during which 

time it liquefied t o  form a f a i r ly  viscous sol containing 

about 0.4-0.5 M - metal and a residual n i t ra te  concentration 

of about 0.04 M - (for Eu and the heavier lanthanides) t o  

0.J. M - (for the lower lanthanides). 

for  1 t o  2 hr a t  8ooc, during which time the i n i t i a l l y  

amorphous colloidal particles were converted t o  crystall ine 

particles (see electron microscopy resul ts  l a t e r ) ,  the pH 

decreased t o  5-6.5, and the viscosity decreased t o  l e s s  than 

2 cp. The sols were then concentrated t o  2.5-3 M - metal i n  a 

rotary vacuum evaporator. 

The sols were heated 

Microspheres of gel were prepared by injecting droplets of the sols  

into a long-chain alcohol i n  a tapered column i n  which an upflow of the 

alcohol fluidized the droplets . 
hexanol) dehydrated the s o l  spheres, and glassy gel spheres were formed 

of controlled size i n  the range 30- t o  9OO-fi diameter. 

f i l t e r ed  out f'romthe solvent a f te r  a period of 30 min t o  1 hr, washed 

with methanol, and dried. They w e r e  free-flowing at th i s  stage. One 

problem which was encountered i n  the column was a tendency fo r  the micro- 

spheres t o  agglomerate. 

small amounts of surface-active agents, e,g., 0.2 vol/vol % Amine o 

(Geigy) and 0.05% Span 80 ( A t l a s ) .  

5 The alcohol (generally 2-ethyl-1- 

The spheres were 

This could be prevented only by the addition of 

The gel microspheres were converted t o  oxide microspheres by (a) 

drying them a t  100' t o  l 2 5 O C  for several hours i n  vacuum, (b) heating 

them a t  about 100°C per h r  t o  500°C i n  vacuum and holding them a t  that  

temperature f o r  abou% 3 h r  t o  decompose residual nitrate,  (c) heating 
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t h e m  a t  about 100°C per h r  t o  a temperature between 1000 and l5OO0C i n  

a i r  and holding them a t  that temperature fo r  about 3 hr t o  obtain a high 

density product. 

gel  i n i t i a l ly  560 diameter (prepared from a 3 M - sol) on heating them 

t o  145OoC by the above method was by a factor of 1.69 on the diameter, 

or 5 on the volume, most of which shrinkage occurred i n  the temperature 

range 900' t o  145OOC.  Densities of the order of 95 t o  98% of the theo- 

re t ical  crystal density were obtained routinely, with surface areas of 

0.01 t o  0.1 md/g and crys ta l l i t e  sizes (by x-ray line-broadening) of the 

order of 300 A (Pr&ll a t  1000°C) t o  750 A (Eh.1~0~ a t  1 4 5 O O C ) .  Polished 

cross-sections showed negligible porosity i f  the spheres were prepared 

from concentrated (2-3 M) - sols, but some closed porosity i f  prepared from 

dilute (0.5 M) - sols. Crushing strengths of single microspheres (averages 

f o r  10 t o  30 spheres) ranged from 200 g for 120 

f o r  450 y cliameter. Crushing strengths of europium oxide microspheres 

heated t o  145OoC t o  obtain the monoclinic form (from the cubic form at 

1000°C) were not as  high as those of other Lanthanide oxides which did 

no3 ?ave a chnge of crystal  form i n  this  temperature range. 

The shrinkage of microspheres of europium hydroxide 

10 

diameter t o  1.5-2.5 kg 

Spectroscopy i n  the ultraviolet ,  visible and infrared regions was used 

f c r  the rapid analysis of the concentrations of the metal 

ion and n i t ra te  ion i n  the sols (see also section 4.1), 

t o  study the form of bonding of the components of the sols 

an13 gels, e.gob residual n i t ra te  was shown t o  be coordinated 

t o  the metal (see also section 4,6), and 

t o  calculate the size of the  aggegates of colloidal par t i -  

eles, e.gO, f o r  a praseodymium hydroxide sol, molecular 
,--. 
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A 

weights of 2 x 107 to 108, and particle diameters of 200 

to 400 A were found. 

Electron microscopy and electron diff'raction measurements showed 

that the initial precipitates of lanthanide hydroxides consisted of 

amorphous particles of 30 to 60 A diameter which crystallized slowly 

(1 hr to several days at 25OC depending upon the particular lanthanide 

element) into rod-shaped particles which aggregated into bundles of the 

order of 1000 to 5000 A long and 100 to 500 A wide. The shape aqd size 

of the crystalline particles depended upon the conditions of aging of 

the so ls .  

when the particles were aged in the mother liquor (e.g., 8 M NH4OH - 0.2 - M 
nitrate ion), and rods, tubes or rolled sheets up to several thousand 

Sheets up to several hundred angstroms wide were observed 

angstroms long when the precipitated hydroxide was thoroughly washed and 

aged in water at'pH 6 to 9. The aggregates of crystalline trihydroxide 

particles were randomly oriented in the gel spheres prepared by the 

standard method, but were converted during the calcination procedure into 

small oriented crystallites of the oxides. 

replicas of etched polished surfaces of the  dense oxides (145OOC) showed 

grains of width 5-10 p containing oriented units of width 0.2-0.5 p. 

Electron micrographs of 

* _  

The 

oriented units were probably polycrystalline because x-ray line-broadening 

measurements indicated a crystallite size of 500-700 A. 

Potential uses of lanthanide oxide microspheres are suggested in 

industry in general and in the atomic energy industry in particular, 

e.g., incorporation of europium oxide in cermets in reactor control rods. 

#The method is also applicable to tlie preparation of sols, gels, and 

c i 
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oxides of the trivalent transplutonium elements, of which americium and 

curium axe of interest for incorporation in targets in the High Flux 

Isotope Reactor at Oak Ridge to produce trans-curium isotopes in the 

National Heavy Element Research Program, 

3, EXAMINATION OF HYDROUS UO PRECIl?m\ATES AND SOLS BY EIlECTRON 
MICROSCOPY , EIlECTRON D A C T I O N ,  AND SPECTROFHOTO~ 

Microspheres of U02 for use in nuclear fie1 are prepared by a sol- 

gel method5 in which uranous hydroxide is precipitated from uranous 

nitrate or uranous nitrate-formate solution, the precipitate is washed 

to the point of incipient peptization, and finally, the filter-cake is 

heated at 6ooc to form a sol. 

electron diffraction patterns were obtained of the precipitates and sols 

at various stages in the process, and the size and crystallinity of the 

Electron micrographs and selected-area 

colloidal particles was determined. 

Om-3963 

Details of the work are given in 
4 

The studies showed that the initial precipitates consisted of 

irregularly shaped aggregates of particles of hydrous uranium dioxide 

of 15 to 25 A diameter, 

diffraction patterns became sharper with increased aging at 25OC. 

prepared by heating the filtered and washed precipitates at 60°C 

consisted of cubic U02 crystals with sides 10 to 20 A long. 

sence of 0.4 mole of formate per mole of uranium in the sols gave more 

The initially diffuse lines in the electron 

Sols 

The pre- 

miforan dispersion on the electron microscope grids, but did not 

appreciably affect the size or the lattice spacing of the primary 

crystallites. 
n 
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.f 
f 

The turbidi t ies  o r  apparent absorption spectra of the diluted so ls  

were measured from 8000 t o  3000 A. 

with the 1.2 t o  1.4th power of the  waveleneh from 8000 t o  4000 A, and 

with the fourth power of the wavelength a t  l e s s  than 4000 A. 

diameter of the scattering par t ic les  calculated ( f o r  de ta i l s  see section 

4.3)  from the turbidity a t  4000 A was about 800 A, which agrees with the 

The optical  density varied inversely 

The maximum 

size  of aggregates observed on the electron micrographs. 

A model is  proposed4 for  the physical and chemical constitution of 

the sol part ic les  i n  the presence of formate, i n  which formate ions 

bridge pairs  of uranium atoms on the surface of primary cubic c rys ta l l i t es  

of 10.9 A edge length; these c rys ta l l i t es  a re  then considered t o  form 

aggregates of up t o  800 A diameter. 

Measurements were also made of the turbidi t ies  of two uranium sols  

prepared by different methods by L. E. Morse and the apparent sizes of 

the par t ic les  were calculated. 

method 

contained about 2 M - Uh, a nitrate/U mole r a t i o  of 0.05, and a formate/U 

r a t i o  of 0.5 .  

w i t h  hexamethylenetetramine, was a blue-black color, and contained about 
4+ 2 M - U . The apparent absorption of these so ls  (diluted t o  a concentra- 

t ion  of 6 x M - U and measured i n  1-mm ce l l s  i n  a C a r y  Model 14 

spectrophotometer) varied inversely with the 4th power of the wavelength 

f’rom 3250 t o  4000 A, indicating ideal scattering behavior. 

varied inversely with the l.3rd power of the wavelength fo r  Sol A and the 

l .8th power for  Sol B from 5000 t o  8500 A and we& absorption peaks were 

observed a t  6710 and about 8500 A .  The previous work had shown tha t  the 

Sol A was prepared by the standard 

5 from a uranous nitrate-formate solution, was a black color, and 

S o l B  was prepared by precipitation of uranous hydroxide 

The absorption 

3 
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particles in sols prepared by the standard method consisted of U02 

crystals, hence the monomer molecular weight and refractive index of 

U02 were used to calculate the following apparent particle molecular 

weights and diameters from the absorbances at 4000 A: 

Sol Molecular Weight Diameter, A - 
710 A 

B 3.3 x 10 9 860 

1.9 x 10 9 

The results were very similar for the two sols  and no obvious explanation 

could be seen for the marked bluish color of the s o l B  prepared wtth 

hexamethylenetetramine. 

4. SPECTROSCOPY OF SOL-GEL IdMXWNX 

4.1 Analysis of the Concentration of Nitrate and Lanthanide Ions 

The amounts of metal Ion and. nitrate in sols, gels, and microspheres 

of lanthanide hydroxide were measuTedsiqly and rapidly by dissolving 50 

to 100 mg of solid sample, or 1 to 2 ml of sol, in 3 to 5 m l  of dilute 

perchloric acid, aausting the perchloric acid concentration to about 

1 E, and measuring the spectrum in a l-cm cell versus water in the region 
2800 to 6500 A. 

The wavelengths and molar absorptivities of the various bands 

(determined on solutions prepared by dissolving weighed amounts of 

freshly calcined oxides in perchloric acid) for a series of lanthanides 
3 will be reported separately . Typical results were: 

Ion BandMaxbum, A Molar Absorptivity - 
pr3+ 4440 10.1 

N03 

Eu 3+ 3935 2.42 

3000 7.3 
- 
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4 

The following formula was used t o  correct the observed optical  density 

(OD) for  the n i t r a t e  ion a t  3000 A for  the contribution from the W band 

9); of E U ~ +  (no correction was needed for  ~r 

Corrected OD(N0-) = Observed OD(3000 A)  - 0.157 x OD(3935 A) 3 
i r r  which the observed OD's  are  corrected for  background absorption. 

only the r a t i o  of NO 

CY volume of sample was not needed. 

organic drying solvent or of an amine used fo r  denitration gave a cloudy 

solution, and these impurities had t o  be removed by washing the solutiorr 

twics with an equal volume of benzene, followed by removal of traces of 

benzene by blowing air  through the solution fo r  15 min. 

When 

metal was required, an accurately measured weight 7 
The presence of droplets of  an 

4.2 Reflectance Spectra of Microspheres 

The measurement of reflectance spectra in  the vis ible  region was 

examined as a potential  method fo r  the determination of the mole r a t i o  of 

n i t r a t e  t o  metal, and of the relat ive amounts of different metals i n  

microspheres of lanthanide hydroxide gels or oxides directly,  without the 

need t o  employ any chemical treatment. 

and NOy ions were selected because of  t3e numerous intense and shaq 

absorption peaks of these metal ions i n  the 3000 t o  10,000 A region. 

Smrples of about 100 mg of 100 t o  200 p diameter microspheres of mixed. 

nrd/P~-oxides/hydroxides both before and a f t e r  f i r i n g  a t  llOO°C were 

examined (with the assistance of J. P. Young) i n  a Cary Model 14 SFectro- 

photometer f i t t e d  w i t h  a reflectance attachment. The absorption spectrum 

of the unfired microspheres dissolved i n  1 M - perchloric acid was also 

measured, 

ref lect ion spectrum from 2500 t o  7500 A; t h i s  w i l l  not be discussed further,  

3t Microspheres containing NaF, I%" , 

3 

The f i r ed  microspheres were black and gave only a continuous 
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The mole r a t i o  of the  NdF t o  PrF based on the  absorption spectrum 

of the  solution ana published extinction coefficients of the  peaks at  5220, 

5756 A(lYdj and 4442, 4818 A(-) was 1.77> equivalent t o  64 mole ’$ Nd; 

the  mole r a t i o  of NO- t o  ( N c ~  .I- Pr) was 0,02Qr 

reflection spectrum were shifted t o  the red with respect t o  the absorption 

spectrum of the solution, the mean s h i f t s  being 56 * 7 A fo r  Pr, and 

36 * 12 A fo r  Nd. 

A l l  of the peaks i n  the  3 

Multiple bands were resolved t o  a higher degree i n  the 

ref lect ion spectrum, ea&., 5 peaks plus a shoulder i n  the  region 5000 t o  

5400 A for, the absorption spectrum of the solution, corresponding t o  8 

peaks plus a shoulder i n  the  ref lect ion spectrum. 

and sp l i t t i ng  of bands have been reported previously 

complexes, e.gog Fr(0H) cornpetred with the  aquo ion, 

Shif ts  of this order 
6 fo r  praseodymium 

3 
“Pe re la t ive  in tens i t ies  of the  peaks, expressed as opt ical  density 

for the  ref lect ion peak + optical  density f o r  the  absorption peak (1-cm 

ce l l ) ,  varied from 0.7 for  t he  Nd* peak a t  7454 A t o  3.0 fo r  the  P r F  

peak a t  5 9 3  A, and no correlation w i t h  wavelength or element was apparent. 

This uaexpectedly large variation of re la t ive  intensi ty  at  different  

m-velzngths mde t he  measurement of reflectance spectra unsuitable for  

t 3e  ciirect analysis of the mole r a t io s  of NO- t o  metal, or  of the  mole 

r a t io s  of different metals, d t h o u t  more extensive measurements and 

c a r e f u l  calibration, 

3 

The variation was probably due mainly t o  the dif-  

?erect degrees of resolution 0% t he  multiple bands i n  absorption and 

ref lect ion,  

bo_? Turbidity %nd Light-Scattering Measurements on Sols of Tho2 

The molecular w e i g h t  and shape of sol par t ic les  can be calculated 

T m m  measurements 02 the scattering of l ight by the sol ,  The two 
t 
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principal methods are based on the measurement of the light scattered 

at; 90’ (or some other angle) to the incident beam, or of the decrease 

in the intensity transmitted along the axis of the beam. 

method i s  experimentally more simple and has been exsslined for  thoria 

The latter 

SOILS (prior to its application to less well-defined sols  of lanthanide 

hydroxides and plutonium polymer) and the results for one s o l  compared 

with results from light scattering measurements at 90’. 

The conditions which must be satisfied for the application of simple 

mathemtical eqressions to the calculation of molecular weight we: 

(a) the s o l  particles should have a diameter less than h/20, where 

tlie wavelength of the incident light, (b) the particles should be isotropic, 

( e )  the $ecrease in light-intensity should be due solely to scattering 

an? not to absorption, (a) the turbidity (T), which is proportional to 

t 5 e  optical density, should be related linearly to the concentration of 

the s o l  particles, (e) the term T A  
toxtancy of this term m y  indicate absorption), and (f) a p lo t  of l o g  f 

v e x u s  l o g  

reqcire a more complicated mathematical treatment). 

is 

4 should be constant with (non- 

should be linear with a slope of -4 (slopes less than -h 

Three thoria sols were examined in detail, Sol A (supplied by K. 3. 

KcCSorkle, Code No. 6s-U-SDC) of concentration 3.42 M - Tho2, and Sol  B, 

p repred  by dissolving solid gel (supplied by K. H. McCorkle, Code ITo. 

OX TOO) in C02-free water to a concentration of 0.2 M - Tho2, aged 1 day 

at 250Ca and Sol  C, as Sol B but aged in a sealed tube dt 25OC f o r  5 weeks. 

These sols vere diluted with water to concentrations from 0 . 3  M - to 
0.09 M - Thoz and kept in sealed tubes to reduce contamination by CO,. L 

2 1 . ~ 3  turbidities were measured in 1-cm cells from 3000 to 10,000 A in 
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a Sary Rbdel 14 spectrophotometer (wieh the assistance of J. T. Bell and 

E. 0.  Cesrpbell). Refractive indexes of the sols  were measured with a 

Zeiss lmmersion-Eefractometer and white light and a constant value of 

0.0200 * 0.005 liter molem1 was obtained over the range 0.85 to 0 . 0 9  M - 
Tho at 25 C. 

ments of the light scattered at 90' in a Brice-Phoenix scattering 

photometer (J. S. Johnson, Chemistry Division) at wavelengths of 4360 A 

arid 5460 A. 

0 The turbidity was also measured for Sol  B from measure- 2 

Conditions (a) and (b) were thought to be satisfied by these sols 

became electron microscopy ana x-ray line-broadening measurements in- 

dicated particles of approximately spherical symmetry with crystallite 

sizes of 70 A for Sol A and 142 ,'i for Sol B. 

sol concentration was linear only up to about 0.1 M - Tho2, above whichT 
was appreciably lower than expected (i.e., 20 to 40% low at 0 . 9  M - Tho,, 
dependent on A), hence, condition (a) was obeyed only at low concentration, 

Conditions (e) and (f) were satisfied as shown by mean values of T X  of 
(2,312 4 0.02l)  x looL8 from 4000 to 7000 A for the 0.342 M - Thoe so l  A, 

and (T625 2 0.18) x for the 0.0855 M Tho2 sol A; the exponents of 

the plots of log T versus log A were between -3.96 and -4.14. 

The variation of T with 

4 

'The basic equations used to calculate the weight-average particle 

molecular weight (M) and radius (r) were taken from the work of B. D. Chun , 
(for further details, see G. Oster ,): 

7 
8 

in whi& T is equal to 2.303 times the optical density in a 1-cm cell, A 
is the wavelength in cm, c is the concentration of the sol in g/cc, N is 

C' 



Avogadro's number, and no and n are the refractive indexes of the solvent 

and the s o l  at wavelength A; 

-28 T h4 M 1.107 x i o  2 
- - 6 - 3 T M (m + 2) r -  

128 n5 Nc(m2 - 1)2 C 

in which A*= A/%, and m = "solut e/nsol = 2.200/nSol for Tho2. 

Two methods were used to correct M for the nonlinearity of t with c, 

(a) M (and r) was calculated for the transmittance results at 

5000, and 6000 A for each value of c and extrapolated graphically to 

c = 0, (b) c/f was plotted against c for both transmittance and 90' light 

scattering results; the intercept on the C/T axis at c = 0 was estimted 

and the value of M was then calculated from the equation HC/T = 1 / M  + 2 Sc, 

in which H and B are both constants. 

= 4000, 

Both methods of calculation gave 

identical results for the transmittance data. The transmittance method 

of zeasurement and the 90' light-scattering method both gave identical 

results for Sol B. 

Sol  Method 
X-ray 

Mean Apparent Crystallite 
M r, A Size, A 

A Transmittance ' 6.7 4 0.5 x lo7 117 k 2 70 +, 7 

B Transmittance and Light 5.6 e_ 0.5 x lo7 110 2 6 142 k 10 
Scattering at 9 0  

C Transmittance 4.8 2 0.3 x lo7 106 4 142 5 10 

The errors in M and r were estimated f'rom the scatter of the points in 

the extrapolations to c = 0. 

The particle radius of 110A for SolB was appreciably higher than 

the value from the x-ray line-broadening method. The "crystallite" size 



of 142 A given by the  l a t t e r  

the  e Q e  of a cube, i n  which 

method can be interpreted as the length of 

case the radius of the sphere of equivalent 

volume is  88 A (20% lower t b  106 A, o r  1.75 times lower on a volume 

'basis). 

20 times larger  than that of the x-ray "crystal l i te"  (cube edge value, 

70 A; radius of equivalent sphere, These r e su l t s  can be in te r -  

preted as indi'cating that the  par t ic le  s ize  which is  effective i n  

scattering light is  due t o  an aggregate of a nuniber of basic c rys ta l l i t es .  

However, the  x-ray Line-broaaening measurements were made on sol id  gels 

or  on concentrated sols, and it is possible t h a t  some aggregation of the  

basic c rys t a l l i t e s  may have occurred on di lut ing the  concentrated Sol A 

with water, o r  on dissolving the  gel t o  prepare Sols B and C i n  mter. 

Another explanation is Cha t  there  i s  a small proportion of large par t ic les  

i n  the  sols which leaas t o  a high value of the weight-average molecular 

weigh%, but which aoes not sigwi-ficantly r a i se  the  average c rys t a l l i t e  

s ize  as measured by the  x-ray line-broadening metho&. 

effect  i s  shown by assuming 1 weight % of par t ic les  of 150 A radius i n  

the presen.ce of 9% of 43 A radius ( i o e e ,  conditions thElt, m i & t  apply t o  

Sel  A); substi tution i n  the  equations indicates t h a t  98% of the turb id i ty  

would a r i s e  from the 1% of 150 A par t ic les ,  and the  apparent radius would 

be 128 A. 

millipore f i l t e r s  of h o r n  pore size, e.g., 100 A, determining the  pro- 

portion retained, and examining the filtrate by light-scattering and 

e l e  c t r w  micros copy 

However, the  value of 117 A f o r  Sol A corresponded t o  a volume 

A), 

An example of this 

This hgrpothesis could be tes ted  by passing the  sols through 

. 
The corzclusion t h a t  d i lu te  thoria  sols consiated of" agglomerates 

9 OF floes of the  basic single c rys t a l l i t e s  was also reached by McCorkle 

4 



from studies of the viscosity, electron microscopy, absorption spectra, 

and adsorption of n i t r a t e  ions by Tho2 sols. 

also observed tha t  the apparent radius calculated from l igh t  scattering 

(transmLttance measurements) was always significantly larger than tha t  

calculated from x-ray line-broadening measurements. 

In particular,  McCorkle 

3 4.4 Visible and Infrared Absorption Spectra of Sols of Tho2-UO 

'L,.. . 
.:c-i;:rz, j-1: -:;>e ?;:-:;l . .. 

measured- for  sols containing Tho znd UO i n  order t o  gain a be t t e r  
2 3 

understanding of (a) 

the metal atoms, (b) 

pre-formed Tho2 sol,  

3 by mixing yellow UO 

the mode of bonding 

the reasons fo r  the 

and (c) the reddish 

with colorless Tho2 

of the residual n i t r a t e  and 

limited uptake of UO 

color of the product obtained 

or  by denitrating a mixed 

by a 3 

thorium nitrate-uranyl n i t r a t e  solution w i t h  an amine. 

The preliminary resu l t s  described below indicated tha t  par t  of the 

n i t r a t e  i n  the sols vas present as n i t r a t e  ions and part  a s  coordinated 

n i t r a t e  groups. In  dried gel  a l l  of the n i t r a t e  was i n  the coordinated 

form. The absorbance of the "redtt sols  i n  the visible-W region varied 

with a high (e.g., -5th t o  -20th) power of the wavelength, and t h i s  can 

be explained on the basis of a strong absorption peak @, 6 x 10 3 ) due 

t o  a urariium or  uranium-thorium complex species at about 2500 A with a 

re la t ively large half-width o f  2000 A. 

4.4,1 Visible and Near Infrared Spectra of Sols of T h 0 2 s 3  

Spectra were measured from 12,000 A t o  2200 A i n  a Cary Model 14 

spectrophotometer fo r  sols of Th02-U03.prepared i n  two ways: 

(a> by addition of hydrated U03 t o  a pre-foi-med Tho 

ai16 digesting the mixture for  several days. The 

sol 2 



resul t ing reddish-orange so l  (9. H. McCorkle, Code No. 

6s -U-s~)  contained 1.6 M - Tho2, 0.17 M - U022+, and 0.17 M - 
ni t ra te ,  had a thoria  c rys t a l l i t e  s ize  of about 70 A, and 

was mrkedly thixotropic w i t h  a se t t ing  t i m e  of about 30 

mine 

by denitration of a solution of thorium and uranyl n i t r a t e s  

by amine extraction (Re E. Rainey, Code No. M65-5%). 

transparent reddish-yellow sol contained 0,11 M - Thoz, 0,0107 M - 
W O F ,  0,046 M - ni t ra te ,  and had a c rys t a l l i t e  s ize  of ap- 

proximately 25 A. 

(b) 

The 

Spectra of these s o l s b  1-mm c e l l s  and of diluted sols  (10 X with 

water) i n  1-mm and 10-mm c e l l s  a r e  given i n  Fig, 1, together with a 

spectrum of 1.6 M - Tho2 sol with no uranium present. 

the first method (a) gave a smooth curve (C) from 3600 t o  6000 A (no 

The so l  prepared by 

significant absorption from 6000 t o  12,000 A )  w i t h  a weak peak at  about 

4500 A. The absorption o r  tu rb id i ty  varied with the -5.8th power of the 

wavelength below 5500 A, and w i t h  the  -4th power above 5500 A. The - 

absorption-turbidity curve appears t o  be made up of a t  l ea s t  three com- 

ponents (1) a c w e  due t o  scat ter ing of light by the approximately 70 A 

d i m  Tho2 part ic les ,  (2) a we& absorption peak a t  about 4500 A (€ ap- 

proximately 2, based on U Concentration), and ( 3 )  a strong absorption 

?e& with )\lpax less than 3500 A. 

with the  layer of V(m) species adsorbed on the par t ic les  because thoria  

sols wit3out uranium do not show these peaks. 

The last two peaks appear t o  be connected 

The spectra of the  sol prepared by the second method (b) was measured 

t o  2200 A (Curve C ). Comparison of' the  Curve A (undiluted sol), Curve B, 
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ORNL DWG 65-9419 

I 
A. Red sol, 0.11 M Tho2 + 

0.01 1 M U 0 3  prepared by 

amine extraction. 

8. 'A'  diluted ten-fold with 
water (yet low color). 

c. Orange sol, 1.6 M Tho + 
2 I' 0.17 M U 0 3  prepared by 
- 

adding UOg to Thoz sol. 

0. 1.6 M Tho2 sol. 

E. Calculated contribution of 
0.0046 M Nitrate in 8. 

0 Calculated curve for B 
assuming 50% Gaussian and 
50% Lorentzian choracter - 
with Amox, 2500 A; 0 half- 

WAVELENGTH (i) 
Fig. 1 .  Absorption Spectra of Tho - U03 Sols. 

2 



and othm data f o r  1-em ce l l s  shows that the absorption is proportional 

t o  'IlhOz concentration and t o  path length within expzrfnental error over 

the  range 3800 t o  6000 A. No significant absoqt ion  was found, from 7000 

t o  12,000 A. 

varying from -20 a t  5000 Lo 6000 A:, t o  -4.6 8% 3500 t o  4000 A, whereas a 

curve a r i s ing  from pure scattering bas a eonst8nt sb~ope of -4. me 
absorption Curve B i s  made ztp of at Peast two major components (the 

contribution due t o  light scattered by approxfmtely 25 A diameter 

TIIO~-=UO particles i s  negligible), ( e )  a v e r y  strong (E = 9 x PO at; 

Plots Of POg 8 h S O q t i Q n  VeP8US log  w%vekK@h had s b q e s  

3 
3 

3 6 x 10 1936 A) peak fo r  n i t r a t e  ion (Curve E) and (2) a s%rong p e a  ( e  
at 2500 A) f o r  a uranium or  wPanium-thoriwn complex species, The s h p e  

of the  curve f o r  (2) f?rom 2500 t o  5OOO A em be f i t t e 6  approximtely by 

assuming that it has 50% Gaussian-50$ E ~ e n t z i m  c b ~ a e t e r  w i t h  

2500 A and a peak width of 2000 A at half mxinrun absorption. 

4e4e2  

anetx 

Infrared Spectra of sols of l310,z~ 

The spectra of the  ThO2-U0 so2 prepared by the first method de- 

scribed above, ana the  materials (Tho2 sol, UO powder) from which St 
3 

s 
was made:, were measured from 2 t o  15 microns in a Perkin-Eher Infracor8 

spectrDmeter fit'eed with 8 BaCl. prism, The measwaent of 5peci;rez with 

this i n s t m e n t  was mde difficult by the ewpors.f;ion of mter from the 

th in  films of the sols  which were held between s i lver  ChLoleide plates, 

as a sesrilt of which the  sols quickly se t  to gels. 

turned t o  adnntage by measwing selecte8 absorption peaks as a function 

of time, but only qual i ta t ive resafltr;~ eodfi bc obtained. i n  this way. 

This behavior was 

m e  results showed t h a t  par% of Ghc raesl&.%31 n i t r a t e  was present i n  

the sols as "free" n i t r a t e  Sora (strong absorptior, at, 4.2 p), and par t  as 

c 
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n i t r a t e  groups coordinated t o  thorium or uranium atoms on the surface 

or inside the par t ic les  (absorption peaks a t  6.7, 7.8 and 9.75p, similar 

t o  those found with solid thorium n i t r a t e  hydrate, see section 4.5). In 

the dried gels of Tho2 and Th02-U0 

peare2 t o  be i n  the coordinated form. 

strong band a t  lO.gp, which was probably due t o  a stretching vibration 

of the uranyl group. 

and 6 . 2 ~ .  

substantially a l l  of the n i t r a t e  ap- 3 
The Th02-U0 sol and gel gave a 3 

Sharp, strong bands for  water were observed a t  2.85 

The UO powder starting material gave four broad bands i n  the 10 t o  3 
14 p region, which were probably due t o  U-0 stretching vibrations or  t o  

deformation bands of OH groups. 

band a t  l O . 5 f i  intensified a t  the expense of the other bands. 

was assigned t o  a characterist ic stretching vibration of the uranyl group, 

When the powder was aged i n  water, the 

This band 

and it corresponded approximately t o  the broad band a t  10.9 p found i n  

the Th02-U0 sol,  the  difference (30 t o  40 cm-l) ref lect ing some con- 

siderable change i n  the bonding environment of the uranium atom. 
3 

Any future study of these, o r  similar sols and gels should be done 

with a spectrometer with higher sensitivity and resolution, and with 

the sols  and gels i n  sealed ce l l s  t o  prevent evaporation. It might then 

be possible t o  identif‘y the structure of the adsorbed uranium species by 

correlation of the spectra with those reported f o r  a series of UO 

drakes and ammoni-an diuranate by A. M. Deane a t  Harwell. 

hy- 3 
10 

4.5 Raman Spectra of Tho2 Sols and Thorium Nitrate 
(with the assistance of 0. L. Keller and G. Begun) 

Infrared spectra of sols of Tho containing n i t r a t e  and UO were 
2 3 

measured (section 4.4) i n  order t o  obtain a be t te r  understanding of  the 

mode of bonding of these species t o  the Tho, surface. However, the presence - 
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of water prevented good resolution of the stretching vibrations at  6 t o  

10 p of the re la t ive ly  small amount of n i t ra te .  

therefore measured on a C a r y  Model 81 instrument fo r  concentrated sols 

of 2 t a  4 M Tho2, because water was not expected t o  interfere  i n  t h i s  

technique. 

Raman spectra were 

The strong Raman-active band a t  9.5 (1050 an'') ar i s ing  from the  

NO stretching vibration of the  NO group was observed i n  sols of 1.6 M - 
Tho2 (0.16 M NO3) and 3.8 M - Thoz (0.8 M - NO3). The symmetric and an t i -  

symmetric NO2 stretching vibrations at  6 t o  8 fu could not be seen even 

a t  the  highest sens i t iv i ty  i n  standard 7 mrn d im,  50 m l  capacity, tubular 

glass cel ls ,  and observation of these bands is  essent ia l  f o r  the inter-  

pretation of  the  mode of bonding. Tubular glass cells of special  geometry 

w i t h  central  l i gh t  pipes of (a) sol id  glass rod, (b) hollow pa ra l l e l  glass  

tube, and (c) hollow conical glass tube, were also t r ied i n  an attempt t o  

3 

extract  the Raman scattered l ight more eff ic ient ly ,  but without success. 

It was concluded that the weakness of the Raman effect  counterbalanced 

the advantage of the lack of interference by water and that the measurement 

of infrared spectra of sols would be of more value, especially if  a more 

sensit ive instrument were used than the  Perkin-Elmer Enfracord referred 

t o  i n  section 4.4. 

Fiowever, a satis'faetory Raman spectrum of crystal l ine thorium n i t r a t e  

pelatahj.drate 

with a conical annular light-pipe designed by 0. Lo Keller. 

was obtained for  the first time using a special 5-ml c e l l  

The main 

bands i n  the  spectrum were a t  different  frequencies t o  those i n  infrared 

spectra reported by J. S. Cho and M. E. Wadsworth'l, J. R, Perraro 

e o  C o  Addison and B. M. Ga.tehouse13. 

12 , and 

The main differences were i n  the 

i 

i' 



degree of separation of t he  34 and -$1 bands (Table 1) 

Table 1, Comparison of Infrared and Raman Spectra 
of Hydrated Thorium Nitrate 

1.R. 1.R.  1.R. Raman Assignment 

Cho and 
Wadswort h 
(KBr ,&is c ) 

1505, s 
1487, s 
1315, m 
1285, s 
1030, vs 
1023, s 
$05, sh 
798, s 
748, sh 
738, €4 

Addison & 
Gat ehou s e 

( m a l  1 
1520, vs 
1506, sh 
1323, s 
1292, vs 
1036, sh 
1030, vs 
811, m 
805, m 
756, m 
744, m 

Ferraro 
(XBr disc)  (m-uJ-1) 

1510, vs, b 1502, vs, b 

1326, sh 1322, m 
1306, vs 1295, VS 
1023, m 1035, ah 

1030, m 
796, w 814, w 

808, w 
745, w 750, m 

Abbreviations: s, strong; m, medium; w, weak; v, very; sh, shoulder; 
st, stretching; b, broad) 

A considerable amount of information could be obtained by measuring 

Raman spectra of sol id  gels of Tho2 containing n i t r a t e  and UO as well 3' 
as infrared spectra. The advantages of the Raman method are  the  lack of 

interference by water and the absence of reactive window materials or 

mulling agents. The objects of future  work should f 'lrstbe t o  obtain 

spectra of be t t e r  quality, and then the interpretation of them i n  terms 

of the  mode of bonding of t he  n i t r a t e  and uraniumto the ThoZ matrix and 

surface 

4.6 Inf'rared Spectra of Various Sol-Gel Materials 

Infrared spectra were measured on a Perkin-Elmer Infracord spectro- 

meter i n  the range 2.5 t o  15 p fo r  the  qual i ta t ive analysis of impurities. 

Samples of sol id  lanthanide hydroxide gels and lanthanide oxides were 
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pressed into pe l le t s  w i t h  potassiumbromide o r  were gpouna up a s  mul ls  

with Wujol, and sols and gels were also held as th in  films between s i lver  

chloride plates,  

o r  long-chain alcohols used t o  dry the sols,  was detected i n  scone batches 

O r p i c  matter, e.@;., residual tetramethylammonium ions, 

of microspheres by the C-H stretching vibrations i n  the 3 and 7 pregions.  

The absorption of C02 by a sol or  gel was also deteeted by the C-0  

stretching vibrations a t  6*7, 7.1 and 1103 p, except that there was 

interference i n  the 7 f~ region when a large amount o fn i t r a t e  was present. 

The residual n i t r a t e  showed up cleazly i n  the microspheres of 

lanthanide hydroxide gels as strong bands at  6.7 and 7.3 p and a weaker 

band at  9.b p (the 7.3 p band i n  KE3r discs was due t o  n i t r a t e  ions pro- 

duced by reaction of the sample with the KBr t o  give KNO ). 

were similar t o  those found i n  sol id  lanthanide n i t r a t e  hydrates (ice., 

they were characterist ic of n i t r a t e  groups coordinated t o  the metal ions, 

and not characterist ic of n i t r a t e  ions). 

"he bands 3 

In  sols  the  n i t r a t e  bands were 

broader and subject t o  interference f'rom the strong band of water at  

6~ p. Calcined oxides showed a featureless spectrum f'rom 2,5 t o  15 p; 

observation at  higher wavelengths; m y  be u s e m  i n  the f i t w e  i n  that it 

I m y  show up the metal-oxygen stretching bands. 

Infrared spectra were a l so  measured of hydrated n i t ra tes  and car- 

bonates of praseodymium, neodymium, and europium heated t o  various temp- 
I 
I eratures up t o  gOO°C, t o  assist i n  the interpretation of the mde of 

decomposition of small  amounts of these makerials present i n  lanthanide 

I hydroxide gels during calcination t o  oxides, The spectra showed that 
I 

the n i t ra tes  were decomposed during the presoaking step a t  500°C (prior 

t o  heating the gel  spheres t o  1000 t o  1500°@ t o  convex% them t o  dense 
. 

Q 



oxide), but that the carbonates were only fully decomposed after they 

had been heated for several hours at gOO°C. 

suggested intermediates in the decomposition, will be discussed in an 

Details of the spectra, and 

ORNL report on the preparation of lanthanide oxide microspheres 3 

4.7 Visible and Ultraviolet Spectra of Sols of Pu02 

Preliminary measurements were made of the absorption spectra of 

plutonium so ls  to study the feasibility of determining sizes of the 

colloidal particles by a simple spectrophotometric method as was used 

for U02 and Tho2 s o l s  (sections 3 

Three sols were examined and 

(Code No. X l )  was prepared 

by precipitation of Pu (N) 

Sol A 

and 4.3 respectively). 

these were prepared as follows: 

by the standard method14 by M. H. Lloyd 

hydroxide with ammonium hydroxide, 

washing the precipitate thoroughly, baking it to reduce the 

amount of residual nitrate, and addition of a 0.1 mole ratio 

of nitric acid to Pu(N) to stabilize the sol; the final 

plutonium cuncentncthn was about 250 g/liter, 

tonium mole ratio was about 0.3, and the sol was diluted with 

water to 10 and 1 g Pu/liter. 

(Code No. 138-6) was prepared by M. H. Lloyd in a similar way 

to Sol A and contained 277 g hr/liter and a nitrate to plutonium 

mole ratio of 0.33; the s o l  had been aged for about 4 months 

during which time the particles sedimented to the bottom of 

The nitrate to plu- 

Sol B 

the container and the mixture was shaken to resuspend the 

particles before dilution with water or with 

give s o l s  containing 3 to 11 g Pu/liter. 

M HN03 to - 

a 



Sol  C (Code No. D-17-DIR-2) was prepared by R, G. Haire by precipitation 

from an aged and heated Pu(IV) polymer solution, and had a 

plutonium concentration of 405 &iter,  and'a nf t ra te  t o  .plutonium 

mole r a t i o  of about 0.2. 

green color, whereas sols  A and B had a m i l k y  yellow-green 

color, The sol was diluted t o  1 t o  20 g Pu/liter, with 5 x 

This sol was an almost transparent 

61 - 

I 

HN03. 

The absorption spectra of the sols were mea,slned over the  range 

2500 t o  10,000 A i n  1-mm or  1-cm ce l l s  i n  a Gary Model 13 spectrophotom- 

eter.  

a background absorption which increased as the tmvelength decreased, 

absoqt ion peaks were a t  similar wavelengths t o  those reported f o r  

plutonilun polymer i n  di lute  acid or  alkaline solution l5,I6 (Table 2), 

A series of  broad absorption peaks were observed superimposed an 

The 

Table 2. Comparison of the Wavelengths (my) of Absorption Peaks 
for Sol C and Plutonium Polymer Solution 

The background absorption (at low coneentratfons of plutonium at  

which the polymer peaks were of low intensity) was similar t o  that shown 

by sols of Tho2, U02, and lanthanide hy&oxides. The absorbance of t h i s  

background absorption 

polymer peaks is  given as a fluxtion of wavelength and plutonium concen- 

t ra t ion  i n  Table 3. Plots of log backgrouna absorption versus log  wave- 

length did not give straight l ines  of slope -4 as eqec ted  f o r  ideal 

corrected for  the c e l l  blanks and f o r  the plutonium 

Y 

0 

r .  



Table 3 .  Mertsuremmts of the  Apparent Absorbance of Sols of 'pu02 

Slopett of Plot 
Letter g/l  2500 3000 3500 4000 4500 5000 6000 7000 8000 Log T v s  Log h 

* Sol Pu conc. Apparent Absorbance of Sol a t  Wavelength, A 

A+-. , 1.0 
10.0 

B 2.8 

5*5x 
5.5 

11.1 

C* 1.0 

2.0 
14.2 
20.0 

0.826 0 .96  0.168 0.076 0.020 0.002 -- 
-- -- 1.655 0.791 0.235 0.073 0.045 

0.298 0.195 
0.553 0.360 
0.438 0.280 

1.003 9.585 

0,046 0.040 
0,070 0.056 
0.285 0.220 

0 . 4 ~  0.320 

5.1 
10.7 

3- 34 
3.45 
3.45 
3.55 

0.70 
1. og 
1.90 
1.91 

* 
Apparent absorbance is  the absorbance corrected f o r  c e l l  blank and f o r  plutonium polymer peaks. 

'Absorbances for Sol  A are given f o r  a 1-mm cel l ,  a l l  others f o r  a 1-cm ce l l .  

%luted with HN03, others with water (except Sol  C, see below). 
m 
All diluted with 5 x loo3 M - HT?03. 

+ + A l l  slopes negative . 



scattering by small spherical particles and observed for Tho2 Sols 

(section 4.3), 

(see Table 3) depending upon the wavelength and on the plutonium con- 

centration. 

approximately linear for these sols,  which inaicated that multiple 

scattering of light by the particles was not a significant factor. 

The slopes varied from -11 for  Sol A to -0.7 for  Sol C 

Plots of absorbance versus plutonium concentration were 

Meaningful values of the particle molecular weight and radius can 

only be calculated from the simple equations (section 4) if the slope 

of the log absorbance-log wavelength plots is approximately -4. Only 

the data for S o l B  approach this value, and a particle molecular weight 

and radius have therefore only been calculated for  this sol. 

In the calculation it was assumed that 

the sol particles consisted of FVOz (this is supported by 

x-ray evidence that the crystallites show a pattern similar 

to that of crystalline Pu02 - unpublished work by R. Go Haire 

and Me H. Lloyd), 

the refractive index increment for  the sols  was the same 

as for Tho2 sols (0,074 cm /g), and the refractive index 

of pure Fu02 was the same as for pwe Tho2 (2.20) e 

3 

The results for Sol  B based on absorbances measured at 6000 A were 
8 Molecular Weight = 903  x 10 , Radius = 320 A. 

This molecular weight is probably of the correct order of magnitude 

although it assumes a monodisperse sol wTth spherical particles, neither 

of which assumptions may be correct, 

values in the literature for molecular weights of plutonium polymer, viz .  

This value can be compared with 



minimum maximum 
Ockenden and Welch l6 

Kkaus 15 

4 x lo3 (diff’usion method) 

4 x lo5 (diff’usion method) 

10’’ (a-track counting) 

2 x lo7 (ultracentrif‘uge 
method) 

In  conclusion, one could say that these preliminary r e su l t s  only 

serve t o  indicate the complexity of the system. The three sols examined 

a l l  gave a spectrum qual i ta t ively similar t o  the  spectrum of plutonium 

polymer, but they gave widely different  exponents fo r  the  p lo t  of log 

absorbance versus log wavelength. 

be due t o  the  d i f f icu l ty  i n  correcting the observed t o t a l  absorption for 

Par t  of t h i s  variation of slope may 

the  contribution of the  plutonium polymer absorption peaks, par t icular ly  

a t  the  higher plutonium concentrations. The absorption data for  the 

milky yellow-green aged SolB gave a reasonable pa r t i c l e  molecular weight 

and radius, but the data fo r  the transparent green Sol C are par t icular ly  

d i f f i c u l t  t o  interpret .  

re la t ive ly  large s ize  of pa r t i c l e  according t o  the  theories of l i gh t -  

The low slopes of the log-log plot  imply a 

scattering by spherical par t ic les ,  but t h i s  confl ic ts  with 

(a) the transparent appearance (which is  usually character is t ic  

of a small par t ic le  s ize  fo r  a substance with such a high 

refract ive index), and 

(b) preliminary r e su l t s  by R. G. Haire on the  pressure f i l tra- 

t i o n  of the sol through a 1000 A millipore f i l t e r ,  which 

showed tha t  the bulb: of the  plutonium passed through, 

whereas re la t ive ly  l i t t l e  of SolB passed through under 

similar conditions. 

A careflrl comparison of measurements of turbidity,  l i gh t  scattering 

a t  low angles, x-ray diffraction, and electron microscopy i s  desirable 



on a number of plutoniwn sols .  

rate data on the size, shape, and crystallinity of the colloidal particles, 

and to use the turbidity measurements in a spectrophotometer for the 

rapid routine measurement of pwticle size. 

goal of controlling these properties in f’uture processes0 

It may then be possible to obtain accu- 

This could then lead to the 

ACKNOWLEDGEMENTS 

The staff of the Analytical Services Division and the Metallography 

Laboratory are thanked f o r  chemical analyses, the measurement of physical 

properties of oxides, and for photomicrography; the collaboration of 

S. R. Buxton and M. N. Lloyd in the work on lanth.ani.de oxide microspheres, 

and of To E. Willmarth on electron microscopy of various materials, is 

acknowledged with particular pleasure; R. E. Leuze and R, G. mer are 

thanked for  helpful discussions throughout the course of the work. r 

f 

. 

http://lanth.ani.de


.- 

1. S. R e  Buxton, C. J, Hardy, and M. H. Lloyd, "Analysis and Significance 
of' Rare-Earth Oxides Produced by a Sol-Gel-Method," paper presented at 
the Third International-Materials symposium in Ceramic Microstructure, 
Berkeley, California, June 14-16, 1966. 

2e  S- Re Buxton, C. J. Hardy, and M, H, Lloyd, "The Preparation and 
Mature of' Rare-Earth Hydroxide Sols, and lhplications on the Frepara- 
tion of Transplutoniixn Element Oxides," paper presented at the 12th 
Annual Meeting of the American Nuclear Society, Denver, Colorado, 
June 19-23) 1966. 

3 .  C o  J. H a r d y ,  S. R. Burton, and Ea. H. Lloyd, Preparation of Lanthanide 
Oxiae Microspheres by Soi-Gel Methods, ORNL-4000 (in press). 

4, C. J. H a r d y ,  The Exanination of Hydrous Uranium Dioxide Precipitates 
and Sols by Electron Microscopy, Electron Diffraction, and Spectropho- 
tometry, ORNL-3963 ( A x .  1%). 

5. 

6. 

J. P. &Bride, Preparation of UO Microspheres by a Sol-Gel Technique, 
ORNL-3874 (Feb. 1966). 

C o  K. Jorgenson, Matemat-f'ys. Med. Kono Danske Videns. Sels., 30, No. 
22 (1965) 

7. Bo Do Chun, Properties of' Colloidal Thoria, Thesis, University of Utah, 
1964, 

8, P,, Oster, Chemical Reviews, 43 319 (198). -, 
9. E, IE. McCorkle, Surface Chemistry an0 Viscosity of Thoria Solsd ORNL- 

TM-15% (Jdy 1966) e 

10. 

11, 

A. M. Deane, J. Inorg. Nucl. Chem., 2l, 238 (1961). 

J. S o  Cho and M, E e  Wadsworth, Tech. Report No. XVIII, May 15$ 1962, 
to Union Carbfde Nuclear Coo fiom the University of Utah, 

22, 

1y0 

lbo 

J. R. Femaro, J. Mol. Spectroscopy, 5, 99 (1960). 

C. Co Addison and Be Me Gatehouse, J. Chem, SOC, (London), 613 (1960). 

Ro Go Haise and Me He Lloyd, "Development of a Sol-Gel bocess for 
the Preparation of: Dense Oxide Forms of F u O  
t h e  12th Annul Meeting of the American Nuc?&r Society, Denver, 
Colorado, June 19-23, 1966. 

'I paper presented to 

150 KO A, Kraus, The Actinide Elemnts, Vol. m-llCA, p. 317, National 
Energy Series, McGraw-Hi l l ,  New York (1954) 



Q 



33 

P 

INTERNAL 

1. B, a0 Baybarz 
2. Je T. Bell 
3. R. E. Biggers 
4. R. E. Blanco 
5. W. D. Bond 
6. R. E. Brooksbank 
7. K. B. Brown 
8, F. R. Bruce 
9, S. R. B-iaxton 
10, S o  D. Clinton 
11, 6. Cooper 
E. F. L. Culler 
13. Do E. Ferguson 
lk. H. E. Goeller 
15. A. T. Gxesky 
160 P. A. mas 
17. R. G. Haire 

18-22. C.  Y. H a r d y  
23. W. 0. Harms 
24. Do M. Helton 
25. J. D. Hoeschele 
2Ge A. R. Imine  
27. 0. L. Keller 
28. F. G. K i t t s  
29. A. T. Kleinsteuber 
30. K. A. DWS 
31* N. A. 
32. C. F. Leitten 
33. R. E. Leuze 

:DISTRIBUTION 

34 
35 
36 0 

37 0 

38. 
'39 
40. 

42. 
43 
44 0 

45 
46. 
47. 
48. 
49, 
59 
51 
52. 
53 
54 0 

55 
56 
57 

58-59. 
60-61. 
62-63. 

64 
65 

41 

M e  Ha Lloyd 
A. L. Lotts 
J. P. McBri.de 
K. H. McCorkle 
H. F. McaXlffie 
E. McGinnis 
A. B. Meservey 
J. G. Moore 
L. E. Morse 

A ,  Le Olsen 
P. B. Orr 
P. Patriarca 
W. La Pzttfson 
J. J. Perona 
R. He  Rainey 
A. D. Ryon 
3. T. Roberts 

K. Je NO%@ 

J. Le Scott 
F. Jo Smith 
J. W. U l l m a n n  
M. E, Whatley 
T. E. Willmarth 
R. G. Qmer 
Central Research Library 
Document Reference Section 
Laboratory Records 
Laboratory Records (RC) 
Patent i>ff ice  

EXTERNAL DISTRIBUTION 

J. M. Fletcher, Chemistry Division, A.E.R,E., Harwell, Berkshire, 
England 

R e  G. Sowden, U.K.A.E.A, Liaison Office, Brit ish Embassy, 
W&shington, D.C. 
Elo van der Plas, N. V. &&., Afd. K.R.L., Utrechtseweg 310, 
Arrihem, Holland 
B. Lo Tdondra, Nuclear Wter ia l s  and Equipment Corporation,.. 
AppolI.0 , :I Eennsylvdia 
M. H. Wadswort'n, Dept. of MetBUurgy, University of Utah, Sal t  
W e  Cllty, Utah 
W. Wild, Cheinistry Division, A.E.R.E., Harwell, Berkshire, England 
mIE 
Research and Development Div., OR0 

M,. :E.. .Ani :;Hm&is, N.: .V. K&$, . Ueecht:sei&g .310,' Amhem, Netherlands 

http://McBri.de

	1 Introduction
	Preparation of Lanthanide Oxide Microspheres by
	Examination of Hydrous U02 Precipitates and Sols by

	4 Spectroscopy of Sol-Gel Materials
	Analysis of Concentrations of Nitrate and Lanthanide




