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Laboratory methods have been developed t o  produce microspheres of 
lanthanide oxides with a controlled s ize  (50-500 microns diameter) , bigh 
derrsity (up t o  @$ of theoret ical  c rys ta l  density), low sw€ace area 
(Cr.Cll-O,S a'/@;), and good. crushing strength, by using sols and gels of 
the E-iyriroxides as intermediates. lanthanide oxides i n  t h i s  form are 
useful as nelatranabsorbers i n  reactor control rods, as burnable poisons 
i n  Fuel elements, and as high-intensity B-y sources inrmrir;'Tous a p  
- i.: : . - c c l i . .  -rrwl ISES, The knowledge gained is  being applied t o  the preparation of  
oxides of merictzun and ewiwn for  incorporation i n  ta rge ts  in  the Ifigh 
Fltm. Isotope Reactor, 

TJTP,  visible ,  133, aad Ramn spectra of sols and gels of lanthanide 
hydroxides, thoria,  urania, and thoria-W3 mixtures, were measured t o  
(a) determine the  nature of the bonaing between the  components, e.g,, 
nit rate  and lanthanide ions, (b) obtain rapid analyses f o r  n i t r a t e  and 
lanthanide ions, and (c)  dej;era.ine the s i ze  of the colloidal particles 
by turb id i ty  and l fght  -scattering measurements (both methods gave results 
i n  goo3 agreement fo r  thoria  sols  containing par t ic les  of  200 A diameter, 
but appreciably larger than the c rys t a l l i t e  s i ze  measured by x-ray line- 
braadening; the difference may be due t o  aggregation o r  t o  poly-dispersity). 
Preliminary measurements of the tu rb id i t i e s  of plutonia sols were made, 
snd d i f f i cu l t i e s  were experienced. i n  interpret ing the resul ts ;  the par- 
t i c l e s  i n  one sol appeared t~ have ~i diameter of about 640 cli and a 
unleeular weight of 9 x 10 8 . 

SOIS and. gels of lanthanide hydroxides and urania were examined by 
elecfxon microscopy and. electron dffDactior?. t o  determine the size, shape, 
and e sys t s l l i n i ty  of %be colloidal.. par t i c l e s  a t  the  trarious stage i n  the 
processes t o  make microspheres of oxides, Freshly precipitated & hydrox- 
ide contained amorphous par t i c l e s  of 20 t o  30 A dianieteep, which when aged 
fop &xys a t  2s°C or  how6 a t  60%~ chanGcd in to  primary cubic crystals of T O 2  

-to 20 4, ~rhich were coakdned in to  loose aggregates of up to 
800 A diameter. lanthanide hydroxides were a l so  i n  the form of amorphous 
part icEea of 30 t o  60 A diameter when freshly precipitated,  
i n t o  crystal l ine sheets up t o  aeveml hundred angstroms wide when aged i n  
!.h? mther l iqusr ,  or in to  rods, 'cubes, o r  ro l led  sheets up t o  several 
thousand angstroms long when thoroughly washed and aged i n  water. 
mrange2 bundles of these rod-shaped crystals  were present i n  microspheres 
of the lanthanide hy&oX5de gels. 
?+;r:hcd golished swftaces of the  dense oxides obtained by heating the  gels 
t o  7450 c", ~boweti graens of width 5 to 10 
i i a i t s  of width 0,2 t o  0.5 p 
zrystal l ine because x-ray Zine-broa&ening measurements indicated a 
crystaf l i te  s i ze  of 500 to 700 A, 

Ez c ?.? 

These changed 

Randomly 

Electson micrographs of replicas of 

containing oriented crystal l ine 
The oriented un9ts were probably poly- 
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1. INTRODUCTION 

Methods f o r  the production of sols and gels of the lanthanide 

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

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

of  18 months i n  collaboration w i t h  members 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 for  various applications, e.g., Tor incorporation in  cermets in 

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

Zn the  prepamtion of microspheres of oxides of  americium and curium 

for  incorporation i n  ta rge ts  i n  the X i &  Flux Isotope Reactor a t  O a k  

Ridge. Preliminary results were reported i n  internal  memoranda and the 

methods and results were outlined in  papers presented at smosia at 

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

I.n an ORNL report i n  course of preparation 3 hence only a summary of 

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

Electron microscopy and electron diffract ion patterns have been 

used t o  determine the  s ize ,  shape, and cuystaUinity of the colloidal 

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

Jarzthanide hydsoxides {section 2 )  and also 09 U O ~  (section 3 ) .  

de ta i l s  of the work on U02 are given In ORNz-3963 , and therefore only 

z summary of the results i s  given in  section 3 .  

The 
4 

LV, visible, IR, and Raslan spectra of s o l s  and gels of lanthanide 

hydroxides, thoria,  wania ,  and t h o r i a 4 0  have been measured t o  (a) 
3' 



3 c.g. 

m5s,  mi3 ( c j  d.eter.iae the s ize  of the colloidal par t ic les  by turb id i fq  

:i~jtrst.c~ and nets1 ions, mil UO adsorbed on particles i n  rlfhc12-U0 
3 

v T ~ d s  pl-ogmm was carried- out i n  collaboration with S. pi. Buxton and 

?L E. Uoyd %a obtain, on a laboratory scale, microspheres of lanthanlae 

oxides -crith a density close to  the theoret ical  c rys ta l  density, and with 

R big$ wushing st;rengtll. Xn addition, thc sols and gels used as in te r -  



( e >  the dasng paste \was shaken for a few minutes, duking which 

time it liquefied t o  form a fbir ly  vfscous sol containing 

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

o f  about 0.04 $1 (for Eu and the heavier lanthaslides) t o  

0.1 M - ( for  the lower lanthanides). 

for  1 t o  2 hr a t  8OoC, during which t h e  the i n i t i a l l y  

amorphous colloid&l particles were convelrted t o  c r J r s t d h e  

particles (see electron microscopy resul ts  later), the pH 

decreased t o  5-6.5, and the viscosity decreased t o  less than 

2 cp. The sols were then concentrated t o  2.5-3 N metal in a 

m t a q  vacuum evaporator. 

me 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  a c h  an upflw of the 

alcohol fluidized. the droplets 5 . The alcohol (generally 2-ethyl-1- 

hexanol) dehydrated the sol spheres, and glassy  el spheres were formed 

of controlled size i n  the range 30- t o  900% diameter. 

f i l t e r ed  out fkom the solvent af te r  a period of 30 mln t o  1 hr, washed 

vith methanoL, and dxied, 

problem vhsch was encountereti i n  the c o l ~  m s  a tendency for the micro- 

spheres t o  agglomerate. 

m a l l  mounts of surface-active agents, e.g., 0.2 val/vol f W n e  o 
(~ebgy-) and 0,055 Span 80 ( A t l a s ) .  

The spheres were 

They were free-flawing 8% this  stage. One 

This could be prevented only by the addition of 

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

w i n g  them at LOO0 t o  125OC for several hours i n  vacum, (b) heating 

t'hem a t  about 100°C per hr t o  5OO0C: in sdacuum and holding them a t  that  

-I;e?npesatwe for about 3 hr  Go decompose residual nitrate,  (e) heating 



A 
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weights of 2 x LO7 t o  LO8, ana pa r t i c l e  diameters of 200 

to 400 A were found. 

Electron microscopy and electron diff'raction measurernen-t;s showed 

that the i n i t i a l  precipi ta tes  of lanthanide hydroxides eonsiated of 

worphous pa r t i c l e s  of 30 t o  60 A diameter which crystal l ized slowly 

(1 hr t o  several d ~ y s  a t  25OC depending upon the par t icular  lanthanide 

elenlent) i n to  rod-shaped par t ic les  which aggregated in to  bundles of the  

order of 1000 t o  5000 A long and 100 t o  500 A wide, The shape and size 

02 the crystal l ine pa r t i c l e s  depended upan the conditions of aging of 

the sols. 

when the par t i c l e s  were aged i n  the m t h e r  l iquor (e.g., 8 M plM4OH - 0.2 M 

n i t r a t e  ion), and rods, tubes o r  ro l led  sheets up t o  several thousand 

angstroms long when the precipi ta ted hydroxide was thoroughly washed and 

Sheets up t o  sewral hundred angstroms wide were observed 

I I 

aged i n  va,ter at  pH 6 t o  9. 

par t i c l e s  were randomly oriented i n  the  ge l  spheres prepared by the 

standard method, but were converted during the calcination procedure into 

smLZ oriented c r y s t a l l i t e s  of the  oxides. 

replicas of etched polished surfaces of the  dense oxides (1b5OoC) showed 

grains of width 5-10 

The aggregates of crystal l ine trihydroxide 

Electron micrographs of 

containing oriented uni t s  of width 0.2-0.5 p. The 

orienteel. un i t s  were probably polycrystall ine because x-ray line-broadening 

measurements indicated a c r y s t a l l i t e  s ize  of 500-700 A. 

Potent ia l  uses of lanthanide oxide microspheres are suggested i n  

fncXurj;try in general anrd i n  the  atomic energy industry i n  particular,  

c . g . ,  incorporation of europium oxide i n  cemets  i n  reactor control rods. 

'%e method is also applicable t o  the preparatfcrn of sols, gele, and 



iixf d.se of" the tj5valFtnt; t,x*snsplv.toniwn eleaents, of which americium and 

c w % m  are of interest f o r  incax-poration i n  targets i n  the High Flux 

Jsot.opc Reactor at Oak Ridge t o  psodixe t;sans-eurium isatayes i n  the 

Yatj om3 Heavy Element &search Program, 

Micmspheres of' U02 for use i n  nuclear .fuel are  prepaxed by a sol- 

5 gel method i n  which uranous hydroxide i s  yreeipitated from Ikranous 

ni b.~*at.e or urnnous nitrate-foxmate solution, the prcetpi ta te  is washed. 

t o  the point; of incQient  peptization, and finally,  the filter-cake is 

heate6 a2 6O'C t o  form 8 sol. 

electron diff'ractiion patterns were obtained 09 the precipitates and sols 

a t  varioils stages in the process, rrnd the size and crystallinity of  the 

collaidal par t ic les  was dete-mined. 

Electron micrographs ana selected-wea 

Details of the work are given i n  
4 om>-3g3 * 

The st;u&ies showea that the  i n i t i a l  precipitates consisted of  

ir.rsgd.ay3;jr s2apd aggsgates of par t ic les  of hyd.%01xs uranium iiioxide 

of 15 bo  35 A diezmeter. 

dtf-fYac,tioia patterns became sharper 7dith increaaed aghg at 25 C. 

yn=pa,xa by heating the f i l t e red  and washed preeipi ta tes  at 60 c 

scaslst,ed of cu'bic UO crystals w i t h  sides 10 bo 20 A long. 

S:YST of 0.4 rnXLt2 of formtee per mole of u-aniuan i n  the sols gave mom 

mifi;l:a C i l q ~ r s i o n .  on %:';le electron microscope gsids, but did not 

app.rbccia;lo2y a-f'Pect the s2ze or the lattice q a c i n g  of the  priiim-y 

The i n i t i a l l y  diffuse Lines i n  the electron 
8 Sols 

0 

The pre- 2 

n T r r r r  -,"y stalltkes* 
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The turbidities o r  apparent absorption spectra of the diluted sols  

.irere measured from 8000 to 3000 A. 

+with the 1.2 to 1,4th 

with the fourth power of the wavelength at less than 4000 A. 

diameter of the scattering particles calcula-bed (for details see seetion 

a.3) flrom the turbidity at 4000 A was about 800 A, which agrees with the 

size of &&ggregaI3?6 observed on the electron micrographs. 

The optical density varied inversely 

power of the wavelength fYom 8000 to 4000 A, and 

The naximm 

4 A model is proposed for the physical and chemical constitution of 

the s o l  pwticles in the presence of formate, in which formate ions 

briilge pairs of uranium atoms on the surface of primary cubic crystallites 

of 10.9 A edge length; these crystallites are then considered to form 

aggegates of up to 800 A diameter. 

Measurements were also made of the turbidities of t w o  uranium sols  

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

the particles were calculated. Sol A was prepared by the standard 

method from a uranous nitrate-formate solution, was a b h c k  color, and. 

contained about 2 M I Uh, a nitrate/U mole ratio of 0.05, and a formate/U 

ratio of 0.5, 

with hexamethylenetetramine, was a blue-blaek color, and contained about 

2 M, V . The apparent absorption of these sols (diluted t o  a concen-tra- 

t i on  of 6 x LO--3 M - U and measured ip 1-mm cells in a C a q y  Model 14 

spectrophotometer) varied inversely with the 42;h power of the wavelength 

Tram 3250 to 4000 A, indicating ideal scattering behavior. 

wxied inversely with the 1.3rd power of the wavelength for Sol  A and the 

1..8th power for Sol B from T W O  to 8500 A and weak absorption peaks were 

c&scrved at 6710 and about 8500 A. The previous work had shown that the 

5 

Sol B was prepared by precipitation of uranous hydroxide 

4.4- 

The absorption 
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par t ic les  i n  sols prepared by the standard method consisted of U02 

crystals,  hence the monomer molecular weight and refract ive index of 

U02 were used t o  calculate the following apparent par t ic le  molecular 

weights and diameters from the absorbances at 4000 A: 

Sol 

A 

B 

- Molecular Weight 

9 1.9 x 10 
9 3.3 x 10 

Diameter, A 

710 

860 

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

c o d 3  be seen for  the marked bluish color of the SOL B prepared with 

hexeunethylenetetramirie . 
4, SPECTROSCOPY OF SOL-GEL MATERIALS 

4.1 Analysis of the Concentration of Nitrate and Lanthanide Ions 

The amounts of metal ion and n i t r a t e  i n  sols, gels, and microspheres 

of lanthanide hydroxide were measuredsimply and rapidly by dissolving 50 

t o  100 mg of sol id  sample, o r  1 t o  2 ml. of sol,  i n  3 t o  5 m l  of d i lu te  

perchloric acid, adjusting the perchloric acid concentration t o  about 

1. M, - ana measuring the spectrum i n  a 1-em cell versus water i n  the region 

2800 to 6500 A. 

The waxrelengths and molar absorptivit ies of the various bands 

(de.te3-mined on salutions prepared by dissolving weighed amomts of 

freshly calcined oxides i n  perchloric acid) for  a ser ies  of lanthanides 

wi.11 be reportea separately . Typical r e su l t s  were: 3 

Ion 
y_ 

prF 

3- Eu 

Band Maxirrium, A Molar Absorptivity 

4440 10.1 

3935 2.42 

3000 7.3 



rxtly %he ra t io  of HO-/rnatni was required, an accurately measured weight 
3 

ox- ~rclunnc of‘ sample was not ne.eded. The presence os’ droplets of an 

osgazie Sxying solvent or of an amine used for  denitration gave a cloudy 

s z l i ~ t , f ~ r ~ ~  ard -&fo.es~ ixqurit ies had 30 be removed by trashing the s02,ut50~ 

t-i,rL.e? w i t h  an eqm.7 trolwae of bi3nzece, f o l l c m d  by removal of traces of 

berizenz by blowing air through the solution for 15 min. 

4.. 2 Reflectance Spectra of Microspheres 

The measurement of reflectance spectra in the  visible region was 

cxamkied 8 s  a potential method f o r  the determination of the mole ra t io  o f  





ysinzTyiL mc-bhods w e  based on the measwemen% of the  l i gh t  scattered 

e?, 90" (or some other angle) t o  the  incident bexi, 01- of the decrease 

1x1 %'-E intensi ty  transmitted along the axis of '&e 'uearii. The l a t t e r  

,hod is experimentally more siraSJle and has been examined for  thor ia  

d s  (?rior t o  i t s  application t o  less well-defined sols of lanthanide 

~zydrsxides and plutonirua polymer) and the r e s d t s  f o r  one so l  compared 

.i,?.t;k resdts from l i g h t  scat ter ing measurcazents a% 90'. 

'The coadAtions which must be sa t i s f i ed  for the application of simple 

smtthm&ical expressions t o  the  ca1culat;ion of nxsleaular weight m e :  

(.) tF?e sol par t i c l e s  should have 5t aiameter l e s s  than h/20, where ), i s  

+,:le mvelength of the incidcnt l igh t ,  @) thc  pa r t i c l e s  should be isotropicp 

( c )  the decrease i n  l ight- intensi ty  should be due solely t o  scat ter ing 

not  to absorption, (a} the  turb id i ty  (7-1, which i s  proportioi?al t o  

opt ical  density, should be re la ted  l inear ly  t o  the  concentration of 
4 t:ie so7 pwtiicles, (e) the term TA should be constant with (non- 

wnstancy of  this term my indicate absorption), aiid ( f )  a plot; 09 l o g  T 

v ie~s-~.s  log should be l inear  with tt slope of  -4 (slopes less than -b 

u i r e  a more coql-icated mathematical treatment ') 

~fh:ree thor ia  sols were examined i n  de ta i l ,  SOX A (supplied by K. 

?~~::C,c,~kZc:, Code NG. GS-U-SE) of concentration 3.42 M ThoZ, anti Sol B, 

j.r?pm2- by dissolving solid gel  (supplied by El. H. McCorkle, Code Ho, 

aged 1 dw.y 

- 

7(?3) iwz CO fixe mater t o  a concentration of 0.2 M Tho 
2- - 2' 

3t- a$CJ 8x3 Sol C j  8s Sol B but aged i n  n sealed tube At 25OC f o r  5 weeks, 

ess'\ S ~ Q S  wem diluted with water to concentrations from 0.34 M t o  

t > * ~ 3 ~  M DIO, and kept in sealed tubes to reduce contamination by CO,. 

- 
L - 

%us-bidities were measured in 1-cm cells from 5000 Go 30,COO R in 



1'3,i'y k d ~ 1  1h spectrophotometer (Talth the assistance of S. T. Bell and 

r o  13, C,mpbell). Refractive indexes of the s o l s  were acasured ?&th a 

Z?i.ss linmC:mion Zcfractoanetcr and white l i gh t  and a constant value of' 

0 .0Yi lO  i3.005 liter mole-" was obtained over the range 0.85 to 0.091 14 I 

at 25°C. Y2ne turbidi ty  was also messured for Sol  B Prom measwe- - 
0 mmts of the l i gh t  scattered a+u 90 i n  a Brice-Phoenix scattering 

pho5omete;- (J. S. Johnson, Chemistry Division) a t  wave1engtIb.s of 4360 A 

an< 5460 A. 

Corditions (a) and- (bj were though$ t o  be sa t i s f i ed  by these sols 

1mei~ ' xx  electron microseopy and x-ray line-'broadening neasurernents in- 

Fiicsted par t ic les  of' approximately spherical. symmetiy with c rys t a l l i l x  

sizc-s 02 70 A f o r  Sol A and 142 ,- f o r  So l  13. 

soi. concentration 1m8 l inear  only up t o  about 0.1 M Tho 

vas a5preciably lover than expected (i.e., 20 t o  40% low a t  Os$ M - %O2, 

depcniierat o n h ) ,  hence, condition (a) was obeyed only at low concentration. 

':.snditions (e) and (f) were sa t i s f i ed  as shorn by mean values of rX of 

(2,31'2 2 0.021) x from 4000 to 7000 A f o r  the 0,$2 M - Tho2 sal A, 

s n l  (7.25 2 0.18 j x fo r  thc 0.0855 M - Tho2 sol  A; the exponents of 

ufi,- J I O ~ S  of l o g  T versus log 

The variation of x with 

above which T - 2' 

4 

A. were between -3.s md -3.14. 

'?%e basic ecpations usea t o  ctzlcula-te the  weight-average particle 

mk?.xAw ~ei&+u (M) anti rai'lius (r) were taken from the  work of" B. D. Chun , 
(?csr* ~tx~hcr dcta ih ,  see G.  Oster ,): 

-7 
3 



Avogadro's number, and no and n are the ref'ractive indexes of  the 

and the so1 a t  wavelength h; 

-E 2,  200/nsol for ThQz* 
i n  which h = and m = n solut e k i o l  

Two methods were used t o  correct M fo r  the nonlinearit.$ of a 

(a) M (and. r) was calculated for  the transmittance r e su l t s  a t  h = 

5000, and 6000 A for each value of c and extrapo1at;ed graphically 

c = 0, (b> c / r  was plot ted zgainst c f o r  both transmittance and wo l igh t  

scat ter ing resul ts ;  the  intercept or, the  c/r axis at c I 0 was estimfed 

and the  value of M was then calculated from the  equation Hc/f = 1/E + 2 Bc, 

i n  which H and B are both constants. 

ident ical  r e s u l t s  f o r  the transmittance data. The transmittance method- 

of aeasurement and the  90' l ight-scat ter ing method both gave idenCical 

r e su l t s  f o r  Sol B. 

Both methods of calculation gaw 

X-ray 

Spp., ' 2  A 
Sol Methaa Mean Apparent CYgtS".,alli.tf? 

M r# A 

The emors i n  M and r were estimated f rumthe  sca t t e r  of $he points in 

the  extrapolations t o  c = 0. 

The par t i c l e  radius of 2.1 0 I! fo r  So l  B W ~ G  ttjprcciably higher than 

the mlue  from the x-ray line-'broadening methoa. The " c ~ s t a l l i t e "  size 





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

and atiso-y,tion of n i t r a t e  ions by Tho2 sols ,  

a l s o  ol\:cmed tha t  the appwent radius calculated from l i gh t  scat ter ing 

(trans:- itance measurements) tms always s ignif icant ly  larger  than tha t  

cal culateO from x-ray line-broadening measurements 

In particular, McCorkle 

3 l i e &  Visible and Infrared Absorption Spectra of Sols of "h02-U0 

C '  L: 

measured for  sols containing Tho, and UO, i n  order t o  gain a be t t e r  

understanding of ( E L )  

i,hc 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 by a 

color of the product obtained 

o r  by denitrating a mixed 

3 

'ihoriun nitrate-uranyl n i t r a t e  solution with an amine. 

The prclimrinary r e su l t s  described belot7 indicated tha t  p w t  of the 

nitrate i n  the s o l s  vas present as n i t r a t e  ions and par t  as 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 

I . C J Y * ~ ~  The absorbance of the "red" sols i n  the vis ible-W region varied 

vitk: 8 hi& ( e e g e J  -5th to -20th) power of  the wavelength, and t h i s  can 

'UP explained on the basis of a strong absorption peak (6, 6 x LO ) due 

t o  a urani-m o r  uranium-thorium complex specjes at  about 2500 A with a 

ret.atPv.ely l w g e  b l f -wid th  of 2000 A. 

h . k e l .  

L-4 

3 

Visible and near Infrared Spectra of Sols of ThO2S3 

Speeh-2 were measured from 12,000 A t o  2200 A i n  a Cary Model 14 

spectrophotometer Tor 502s of Th02-U03 prepared i n  two vays: 

{a) by addition of hydxated U03 t o  a prc-f'Cmmr3 Tho 2 so l  

esting the aixture for several days. The 
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I I 
A. Red sol, 0.11 M Thoq + 

0.01 1 M UOg prepared by 

amine extroction. 

8. 'A'  diluted ten-fald with 
water (yellow color). 

C. Oronge sol, 1.6 M Tho + - 
2 

0.17 M U 0 3  prepared by 

adding U 0 3  to Thoz sol, 
D. 1.6 M Thoz so!. 

E. Calculated contribution of 
0.0046 M Nitrate in 8. 

0 Calculated curve for B 
assuming 50% Gaussian and 
50% lorentzion character - 
wi th  Amax, 2500 A; 0 half- \ 

5800 
WAVELENGTH (x )  

Fig. 1 .  Absorption Spectra of ThO - U03 Sols. 
2 
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a"rtp.aS,z g r ~ ~ ~ s  coordinated to t h o r i m  or uranium atoms on the surface 

or  irisside the par t ic les  (absorption pe&s at 6.7, 7.8 ana 9.75p;eS similar 

$0 those f o x d  with sol id  thorium n i t r a t e  hydrate, see section 4.5). 1x1 

the a rk2  gels of ThO and ThO -W substantially aJ.1 of the n i t r a t e  ap- 
2 2 3  

pweei  to be in the coordinated foran, The T ~ O ~ - U O  sol  ana gel gave a 

strong band 8% 10,9 P;L> which was  probably due t o  a stretching vibration 

of the uranyl @ o q ,  

3 

Shaq ,  strong banas fo r  water were observed a t  2.85 

The UO pomlei- sC,&ing mteriai gave four broa& bands i n  t he  10 to 
3 

1b pp xegim, which were pro3ably due t o  U-0 stretching vibrations or t o  

deformation bands OS OE groups. When the powaer was aged i n  water, the 

band at  10.59 Intensified a t  the  expense of the other bands. This band 

was assigned t o  a character is t ic  stretching vibration of" the uranyl group:, 

ana it earresponded approximately t o  the broad band a t  10.9 p found in 

the  ThO2+O sol,  the  difference (30 t o  40 cm'l) ref lect ing some con- 
3 

si3erabl.e change 2.n the  bonding environment of the uranium atom, 

llny fi%me study o f  these9 or similar sols and gels should be done 

with a, speztsrometer w i t h  higher sens i t iv i ty  and resolution, an69 w i t h  

~ Y L L E ?  sals and gels i n  seded ce l l s  to plpevent; evaporation. It m i g h t  then 

be pxmUd.e t o  itleatifij the structure 09 the adsorbed uranium species by 
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degree OP seyaration 05 t h e 3 4  

Table 1, Comparison 

and -$1 bands (Table 1) 

of Infrared and Raman Spectra 
of €Qr&ated Thorium Nitrate 

I . R .  1.R'  I * R I  Raman Assignment 

Gho and Addison& 
V~~2swor th Gat ehous e Perrmo Hardy 
(KBr disc) (mull) (KBr disc) ( ~ 1 )  (pure sol id)  

Kiibreviationa: s, strong; m, medium; tq9 weak; v, very; sh, shoulaer; 
st, stretching; b, broad) 

A considerable am~un'c of informtion could be obtained by measuring 

Raman spectra of sol id  gels of" Thoz containing n i t r a t e  and UO as well 3, 
as infrared spectra. 

interference by water ana the absence of react;ive window materials or  

mullfng agents, 

spectra of better quality, and then the interpre-tation of them in terms 

of the mode sf bonding of the n i t r a t e  and uranium t o  the ThoZ mtrix md 

swf'ace 6 

The advantages of the Raman method are the lack of 

me obdeets of Sui;ure work should f b s t b e  t o  obtain 

4,6 Infyam Spectra of ~ m i a u s  Sol-GeZ Materials 

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

me%w in the range 2*5 t o  15 p, for  the qual i ta t ive analysis of :'Lmpurities, 

SmpZes of sol id  lanthanflfEe hytboxide gels and l an tbn ide  oxidea were 
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presseda into pe l l e t s  vit;'? potassium bromide or  were pound up as mills 

v i b h  Nitjol, Evld sols and gels were also held as thin- f i h s  between silver 

&.loride plates ,  Orgamic matter, e.g., residual tetramethylarrmmniim ions, 

o r  long-chain alcohols used t o  Wy the sols,  vas aetected i n  some batches 

of ULEcrospheres by the @-E stretching vibra%ions i n  the 3 mil 7 I-". regions. 

)The absorption of C02by a sol or gel was also detected. by t he  6-0 

stmtehing vibrations at 6.7, 7.1 ma 11.5 
interference in the 7 p region. w"nen a large s z m ~ ~ n t .  ofn i t r a t e  was present, 

exce9.t that there was 

The resi.dwl n i t r a t e  showed up clearly i n  the mjcrosplnercs o f  

larthmiae hydroxide gels as strong bands a t  6.7 and 7 . 3  p and st weaker 

band at 9.4 p (the 7.3 p band i n  K3r discs was due t o  n i t r a t e  i o m  pro- 

duced by reaction of the sample with the KS3r t o  give 

were similar to those found i n  solid l a n t b n i a e  nitrate hy&a%es ( i ce . ,  

they were character is t ic  0% n i tmte  groups coordinated t o  the metal ions, 

m-d not characteristic of  n i t r a t e  ions). 

broader ana subject t o  interference from the strong band of m t e r  at  

6 0 ~  pe 

sbsexvation a t  higher imvelengtkas m y  be usefu.l in the  fb twe i n  Ym% it 

my show up the u&al-oxygea sbretehing bnnds, 

). afhe bands 3 

Xn sols the ni.trate bands were 

Calcined oxides showed a %eatwe~.ess speetirm from 2,5 t o  15 )t; 

kfrmed epectra were a l so  measwed of hyr3ac;ed nitrates and car-  

bomS;es of praeeor3ymiun, neodpium, m d  eilzwpiaam heated bo va.xio!is temp-, 

emtines up t o  9 0  C ,  t o  assist in the inter-preta;t;Lolz of the mde of 

deemposition of small m v a t e  of these mteri6l.s present in lm-bhaaide 

wrboxide gels awing calcination t o  oxides. 

the nitxates wcrc decomposed during the prc~oa~~. ing step ;ab 500 c (prior 

t o  heating the gal sgherea t o  1000 t o  1gOO'C to convert them t o  dense 

o 

The spectra showed that-, 
0 
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oxide), but tha t  the carbonates were only fully decomposed a f t e r  they 

had been hea%ed for  several hours a t  900°C. 

suggested intermediates in  the decomposition, w i l l  be discussed i n  an 

3 ORXI, report on the prepamtion of lanthanide oxide microspheres a 

Details of the spectra, and 

4.7 Visible and Ultraviolet Spectra of Sols of PuOz 

Preliminary measurements were made of the absorption spectra of 

plutonium sols t o  study the f eas ib i l i t y  of determining sizes of the 

colloidal par t ic les  by a simple spectrophotometric method as was used 

f o r  rJOz and Tho2 sols  (sections 3 and 4 , 3  respectively) 

Three sols were emmined and these were prepared as follows: 

Sol A (Code No. Xl) w a s  prepared by the standard method14 by 14. H. Lloyd 

by precipitation of Pu(2T) hydroxide with ammonium hydroxide, 

washing the precipi ta te  thoroughly, baking it t o  reduce the  

amount of residual n i t ra te ,  and addition of a 0.1 mole r a t i o  

of n i t r i c  acid t o  Pu(IV) t o  s tab i l ize  the sol; the  f i n a l  

plutonium cance-n was about 250 g/lLte;t., 

tonium mole r a t i o  ms about 0.3, and the sol was diluted with 

water t o  10 and 1 g Pu/liter. 

(Code No, 19-6) was prepared by M. H. Lloyd in  a similar way 

t o  Sol  A and contained 277 Q Pu/l i ter  and a nitrate t o  plutonium 

The a i t r a t e  t o  plu- 

SOL B 

mole r a t i o  of' 0.33; the  so l  'had been aged f o r  about 4 months 

dwing which t i m e  the  par t ic les  sedimented t o  the  bottom of 

the container and the mixture was shaken t o  resuspend the 

par t ic les  before dilution with water o r  with 

give sols containing 3 t o  11 g &/Li te r ,  

UNO3 to 
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scattering by smll spheri.ca2 p%r-tieles and observed. for 731.0 

(section 4,3). 

(see Table 3 )  depending 7 n p 1  the wavelength and ofl the plutonium con- 

centration. 

approximately l inear  ~ O L -  these so l s ,  wliich i.ndieated that multiple 

scat ter ing of l i gh t  by the paztinles %m,,$: not a sigirl.~-fica;xt; factor. 

Sols 
2 

sl.opecs varied i ~ o n  -11 f o r  $01 A to -0.7 fox- sol c 

P2.o.t~ of absorban.ce 'vers;zs plutonium concen%ration were 

Meaningful values of the par-bfcle moleculw weigh$ &ad radius cmi 

only be calculated from the simple eqmt3.ons (section 4) i f  the slope 

of the log absorbance-log wavelength pl.ots is appro:xi-rmti?ly -4, Only 

the data for S o l B  approach this value, andl a par-bicle molecular weigh% 

and radius Iiave therefore only been calculal;ed for this sol, 

In the calculation i.t w&s assmed that 

the sol. partic1.e~ consisted o f  lpuOg (this is supported by 

x-ray evidence that  the crys%a2.lites show a pattern slmilas 

to that of" crystal l ine l?u.OP sa upblis 'ned,  work by R. G o  %ire 

and M. 11. Lloyd), 

the refractive index incremtmt Tor the  s o l s  m s  the  same 

- 

as for ' L " ~ o ~  sols  (0.074 cyll 3 /g ) . ,  and t h e  rcrurzcttve index 

of pure SUO2 me. the same as f o r  ~ X E !  YnO (2.20). 2 

The results for Sol B based e3n absorbmces mea.sweJ at 6000 A were 
8 Molecular Weight I' 9.3 x 3 0 , ihdius = 320 A. 

lilnis molecular w e i g h t  i s  pr.n?iabby of thc correct order of wg~ituude 

alti?o'ugh it assumes a. msnodispxse sol wf",h spherical p ~ & i c l e e ,  mi  bher 

of  which assumptions m y  be correct. 

values in the litera'cwe f o r  molecular r~eigY~ts of plutoniwn polymer, viz. 

This value can be compared with 



mininun mdmum 
dckenden and Welch l4 

Eraus -15 

4 x lo3 (difmsion method) 

4 x 10' (diifisiorz method) 

lo1* (a-track counting) 

2 x lo7 (uJ_tracentrifuge 
methof2) 

In. eoneluslion, one could say tha t  these grellmfmry re su l t s  only  

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

all gave I spectnua qualitatively similar t o  the spectrum of plutonium 

polymer, but they gave widely different exponents for t he  plot  of log  

absorbance versus log wavelength. 

be GZue Go the d i f f i cu l ty  in cod.rectfxig the observed total absorptdan for 

the coatribution of the plutonium polymer absorption peaks, prnti .@darly 

ai the higher plutoniwn concentrations. 

milky yellow-peen aged Sol B gave a reasonable pa r t i c l e  mlecular weigh% 

Part of this var ia t ion af slope my 

The absorption data f o r  the 

and ratrzfus, but the  b t a  for the transparent green 803, C are par t icular ly  

d i f l ic?a l t  t o  interpret .  The low slopes of the log-log plo t  imply a 

re la t ive ly  large size of particle accordiw to the  theories of light- 

scat ter ing by spherical particles, but t h i s  conflicts wlth 

(a> the transparent appearance (which i s  uswal~y  character is t ic  

of a sma3.Z particle size for a substance with such a high 

refractive haex)  , and 
(b) prelMrz%ry results by R, @. Haire on the prepisme fi l tra- 

t i o n  of the  sol tho* EL 1000 A millipore f i l t e s ,  ~~b ic lh  

ahowetf t h a t  the  bzulk: of  the plutonium passed thmxgh, 

whereas re la t ive ly  l i t t l e  of Sol13 passed through under 

similar conditions. 

A c a r e m  conrSJazl.isan 02 measmemcnte of turbidi ty ,  light scattering 

at low angles, x-ray diffmmction, and elzctraarn mtcroscqy is  desirable 



os 9 'i-whez" of plutonium s o l s ,  

PEJ,,%P tbta on t'ne s i z e ,  shape, and crystallinity of the c o l l o i b l  par t ic les ,  

m a  t o  use Yw turbidi ty  rneaswements i n  a spectrophotometer fo r  the 

m,g.jd routine measurement of par t ic le  s i z e .  

pm.,'l o f  contzolling these propertbee i n  fitme processes4 

It may thera be possible to obtain ~ccu- 

This coilld then lead. tpo the 

The s%aff' of the Amlyt ical  Services Division and the Metallogaphy 

Llzhorataqy a r e  thLz&ed. for chemical- analyses, the measuremerrt of' yhysical 

prcop%%fes of oxides, and fo r  photomicrogmphy; the coLZaboration o f  

S o  Bux-ton and M. H. Woyd i n  the work on lanthanide oxide microsphcres, 

and of T o  E.  Willmarth on electron microscopy of -various m t e r i a l s ,  i s  

ackmwleagcd x i t h  pa r t i cu la r  pleasure; X. El Leuze and R. G. Wyner WE) 

thm&ed. fo r  helpf7.d discussions throughout the cowse of the ' ~ m r k .  
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