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ALUMINA COATING O F UO2 SHOT BY HYDROLYSIS 
OF ALUMINUM CHLORIDE VAPOR 

Melvin F . Browning, Neil D. Veigel, Thomas E. Cook, 
Ward S. Diethorn, and John M. Blocher , J r . 

Uniform, dense coatings of alumina about 5 to 150 fi thick were applied 
to uranium dioxide particles 44 to 350 (i in diameter by hydrolysis of aluminum 
chloride vapor in a fluidized bed of the particles at 1830 F. The coated 
particles were resistant to nitric acid leaching, to oxidation in 1830 F air, 
and to thermal cycling from 600 to 2500 F. After low neutron exposures, the 
coated particles showed excellent fission-gas retention at temperatures up to 
2400 F in inert gas. Although not optimized in the study, the coating process 
appears to have commercial feasibility. 

INTRODUCTION 

Uranium dioxide p a r t i c l e s individually coated with a dense , impervious ce ramic 
coating and d i spe r sed in a sui table m a t r i x have severa l potential advantages in high-
t e m p e r a t u r e fue l -e lement appl icat ions . Coatings can re ta in f ission produc ts , prevent 
oxidation of the UOz, â nd prevent both f i s s ion - reco i l damage to the m a t r i x and UO2-
m a t r i x r eac t ions . The composi te pa r t i c l e a lso has important mechaniccil advantages. 
The coated pa r t i c l e is smal l , so s t r e s s and the rma l gradients in the coating a re min i 
mized. Optimizing the ra t io of coating th ickness to par t ic le s ize , as de termined by the 
f i s s ion-product re tent ivi ty of the coating and the quantity of coating m a t e r i a l permi t ted 
by fuel-loading r equ i r emen t s , is one of the impor tant p rob lems in applying this fuel 
concept. 

During recent y e a r s , the coating of individual fuel pa r t i c l e s by chemical vapor 
deposit ion has received cons iderable study. Use of such coating m a t e r i a l s as carbon, 
chromium, molybdenum, niobium, niobium-vanadium al loys, tantalum, tungsten, z i r 
conium, chromium carb ide , si l icon carb ide , and the oxides of aluminunn, chromium, 
vanadium, yttr i t im, and z i rconium has been invest igated. \^> ^) A str iking general 
cha rac t e r i s t i c of these coatings i s a dense , f ine-gra ined s t ruc tu re . The high densi ty 
and mic roc rys t a l l i n i ty is re la ted to the frequent and energetic coll isions between 
pa r t i c l e s dur ing the coating p r o c e s s . 

The f luidized-bed technique i s p r e f e r r e d at Bat te l le for coating fuel pa r t i c l e s up to 
400 mic rons in d i amete r . Worke r s at NUMEC^^'^ ' have successfully coated pa r t i c l e s 
agitated on vibrat ing t r a y s or in r o t a r y k i lns . Several other coating p r o c e s s e s have 
been desc r ibed . 

In the p resen t p r o g r a m , dense coatings of alpha AI2O3 showing excellent oxidation 
r e s i s t ance w e r e applied to UO2 pa r t i c l e s by the vapor -phase hydrolys is of aluminum 
chloride in a fluidized bed of the UO2 p a r t i c l e s . This coated par t i c le is under invest i 
gation at Bat te l le as pa r t of Sanderson & P o r t e r ' s fuel-e lement p r o g r a m for the Pebb le -
Bed Reac to r . 
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In the cour se of p repa r ing seve ra l lo ts of Al203-coa ted UO2 powder for this p r o 
g ram, some information has been gained on the effect of p r o c e s s va r i ab le s on the p rop 
e r t i e s of the coating, although a sys temat ic study of this sys tem has yet to be made . 
Thus, the conditions used up to now may be far removed from optimum. However, in 
view of the ve ry p romis ing f i s s ion-gas re tent ion exhibited by these coatings, ajid the 
in te res t that has been genera ted on the subject, it was thought that the p r e l i m i n a r y r e 
sults should be repor ted . 

EQUIPMENT AND PROCEDURE 

The chemical vapor -depos i t ion reac t ion used in the p r e s e n t work to coat UO2-
powder pa r t i c l e s with AI2O3 was the d i rec t hydro lys i s of a luminum chloride vapor: 

Al2Cl6{g) + 3H20(g) - Al203{s) + 6HCl(g) . 

Aluminum chlor ide was chosen as the volat i le halide to be hydrolyzed because of i t s low 
cost and c o m m e r c i a l availabil i ty. Although this reac t ion yields a p romis ing product , it 
may not be the bes t , and other reac t ions such as hydro lys i s or oxidation of the b romide , 
iodide, acetylacetonate , or alkyls should be studied. 

In the p r e sen t work, hydro lys i s of the chlor ide by a mix tu re of carbon dioxide and 
hydrogen, 

3C02(g) + 3H2(g) + Al2Cl6(g) -> Al203(s) + 3CO(g) + 6HCl(g) , 

was explored initicilly. This reac t ion has been long known as a method of coating ex
tended surfaces with Al203^ ' , where the slow kinet ics of the " w a t e r - g a s " react ion, 
CO2 + H2 -* H2O + CO, prevents hydrolys is of the AI2O3 before the r eac tan t s reach the 
heated surface . However, in the p r e s e n t work with the C02-hydrogen feed, incomplete 
hydrolys is of the alumintim chloride was observed at 1830 C. This led to the use of 
water vapor as the hydrolyzing agent. The aliiminum chloride and water vapor were fed 
separa te ly to p reven t p r e m a t u r e reac t ion , mixing being pe rmi t t ed to occur within the 
fluidized bed. This p rocedu re is appropr ia te for the smal l f luidized-bed r e a c t o r s used 
in the exper imenta l work. However, in scaling up the p r o c e s s , the p rob lem of providing 
p rope r mixing by m e a n s of mult iple vapor in jec tors may be sufficiently formidable to 
make it worthwhile to r econs ide r use of the w a t e r - g a s reac t ion . 

Data on the fluidization c h a r a c t e r i s t i c s of UO2 powder have been repor ted . ^ ' The 
UO2 pa r t i c l e s used in the a lumina-coat ing work ranged f rom 44 to 350 fX. How^ever, in 
individual coating runs , pa r t i c l e s of a n a r r o w size range w e r e used, mos t of the ex
per ience having been with 105 to 149-jU m a t e r i a l . 

F igu re s 1 and 2 show the coating equipment. The f luidized-bed r eac to r consis ted 
of a 30-mm Vycor tube with a conical bottom attached to a 2 - m m - c a p i l l a r y tube through 
which the fluidizing gas and the aluminum chlor ide were int roduced into the r eac to r . A 
Vycor tube, extending axially down from the top of the r eac to r and te rmina t ing jus t 
below the top of the s tat ic bed, pe rmi t t ed introduction of the wate r vapor into the reac to r 
separa te ly and thus prevented p r e m a t u r e hydro lys i s . 
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FIGURE 1. SCHEMATIC DIAGRAM OF APPARATUS FOR APPLYING COATINGS OF ALUMINA ON FUEL PARTICLES 

A. Reactor 
B. Expanded section 
C. Dust traps 
D. Glass-wool fUters 
E. Hydrogen chloride scrubber 
F. Aluminum chloride vaporizer 
G. Water vaporizer 

FIGURE 2. COATING APPARATUS SET UP IN LABORATORY 
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An expanded d i sen t ra inment sect ion was used at the top of the r eac to r above the 
heated zone to min imize the l o s s of u ran ia pa r t i c l e s f rom the bed. Downst ream of the 
r e a c t o r w e r e solids t r a p s and g lass -wool f i l t e r s to remove u ran ia and alumina dust , and 
a sc rubber to d issolve the by-produc t HCl. The HCl content of the exit gas was moni
tored to de te rmine the r a t e of a lumina format ion. 

The equipment u p s t r e a m of the r e a c t o r consis ted of a sys tem for me te r ing hydro
gen and hel ium independently to the aluminum chlor ide vapo r i ze r , to the water vaporizer , 
and to the f luidized-bed r e a c t o r , the l a t t e r being the ma in f luidizing-gas s t r e a m . A 
manomete r for de te rmining p r e s s u r e drop through the r e a c t o r and exit port ion of the 
sys tem was included as an aid to operat ion. The l ines f rom the aluminum chloride 
vapor ize r and the wate r vapo r i ze r to the r eac to r w e r e mainta ined above the dew points 
of the respec t ive r eac t an t s . 

The two v a p o r i z e r s w e r e e lec t r i ca l ly heated and the i r t e m p e r a t u r e s control led by 
re fe rence to the rmocoup les . The e lec t r i ca l ly heated f luidized-bed r eac to r furnace had 
a split hea t e r which pe rmi t t ed independent control of the top and bottom sect ions of the 
r eac to r . T e m p e r a t u r e m e a s u r e m e n t s w e r e made by thermocouples at tached to the r e 
actor wal l s . Depending upon the depth of bed, pa r t i c le s ize , and gas flow, the e r r o r 
involved in measu r ing the t e m p e r a t u r e in this manner m a y amount to betw^een 10 and 
100 F . (^) In the p r e s e n t s m a l l - s c a l e work, it was thought adequate to moni tor the t em
pe ra tu re by means of the external thermocouple r a t h e r than introduce the complication 
of another r e - e n t r a n t tube within the bed. Thus, the actual bed t e m p e r a t u r e s involved 
in the p r e sen t work w e r e lower than the r eco rded t e m p e r a t u r e s by a va r i ed but smal l 
amount. 

The equipment was a s sembled as desc r ibed above after weighing the aluminum 
chloride vapo r i ze r , wa te r vapo r i ze r , and u ran ia bed. Init ial ly, and during the p r e 
l iminary heatup per iod , the bed was fluidized with hel ium. As operat ing t e m p e r a t u r e s 
were approached, hydrogen was substi tuted for hel ium as the fluidizing gas . Hydrogen 
was used to prevent oxidation of the u ran ia during the init ial phase of coating formation. 
Both the v a p o r i z e r s and the fluidized bed were heated to operat ing t e m p e r a t u r e con
cur ren t ly with no gas flow through the aluminum chloride vapor i ze r and with the c a r r i e r 
gas bypass ing the wate r vapo r i ze r . When the f luidized-bed r eac to r had reached opera t 
ing t e m p e r a t u r e , control led flow of c a r r i e r gas through the reac tan t v a p o r i z e r s was 
initiated. The feed r a t e of each reac tan t was control led by adjusting the vapor i ze r 
t e m p e r a t u r e and c a r r i e r - g a s flow. The reac t ion r a t e was de te rmined at 15-min in te r 
va ls by t i t ra t ing the hydrogen chloride content of 100 to 200-cm3 inc remen t s of scrubber 
water . When the coating operat ion was to be t e rmina ted , the s tar tup p rocedure was 
essent ia l ly r e v e r s e d . The gas flow and power to the reac tan t v a p o r i z e r s were cut off 
while the f luidizing-gas s t r e a m was maintained. Fifteen minutes l a t e r , the r e a c t o r -
furnace power was cut off, and the furnace was opened to p e r m i t rapid cooling. Helium 
was substi tuted for the hydrogen as a safety precaut ion. When cool, the equipment was 
dismant led, cind changes in weight of the u ran ia bed, ailuminum chloride vapor i ze r , and 
water vapor ize r w e r e de te rmined . 

Typical operat ing conditions w e r e as follows: 

Bed weight 100 g 

UO2 par t i c l e size 105-149 jU 

Reac to r -wa l l t e m p e r a t u r e 1830 F 
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Aluminum ch lo r ide -vapor i ze r 
t e m p e r a t u r e 

W a t e r - v a p o r i z e r t e m p e r a t u r e 

Gas flow through aluminum 
chloride vapo r i ze r 

Gas flow through water 
vapor i ze r 

Main f luidizing-gas flow 

Reactant composi t ion 
Hydrogen 
AI2O3 
Water 

Coating ra t e 

F rac t ion of a lumina as coating 

F rac t i on of edumina as 
ent ra ined dust 

AI2CI6 convers ion efficiency 

Coating t ime 

Coating th ickness 

300 to 320 F 

Control led at an oven t e m p e r a t u r e roughly 
indicative of wate r t empera tu re ; water 
feed de te rmined on bas i s of previous 
cal ibrat ion 

0. 75 l i t e r per min STP 

0. 75 l i t e r per min STP 

2 l i t e r s pe r min STP 

96. 5 mole pe r cent 

1. 3 mole pe r cent 

2. 2 mole pe r cent 

3 g p e r h r 

50 w / o 

50 w /o 

95 p e r cent 

50 h r 

40 jj. 

The above conditions a r e typical of the coating runs which have been made and a r e not to 
be cons t rued as opt imum. The coating t e m p e r a t u r e has been increased to 2012 and 
2550 F in seve ra l recen t runs in a Mullite r e a c t o r , and, by increas ing the concentrat ion 
of r e ac t an t s , the coating ra t e has been i nc rea sed to 12 g per hr with only minor 
p rob l ems . 

In the m o r e recent coating exper imen t s , the fraction of alumina formed as coating 
on the pa r t i c l e s has been i nc rea sed to approxinnately 75 pe r cent by an inc rease in bed 
depth and d e c r e a s e in flow ra te of the fluidizing gas. 

To prevent continued contamination of the coating by feedback of e lut r ia ted UO2 
dust from the wal ls of the r eac to r , the coatings were general ly applied stepwise. That 
i s , after application of 3 to 6 jU of AI2O3, the bed was removed, washed in 1: 1 HNO3, 
r insed, dr ied, and re tu rned to a clean r eac to r for continued p rocess ing . 
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EVALUATION OF COATED PARTICLES 

The coated pa r t i c l e s w e r e evaluated in severa l l abora to ry t e s t s to de te rmine the 
re la t ive continuity and poros i ty of the coating and the r e s i s t ance of the coated powder to 
t he rma l cycling. The following evaluation p r o c e d u r e s were used: 

(1) Metal lography 

(2) Pe t rog raph i c analys is of the coating m a t e r i a l after crushing of 
the pa r t i c l e s and dissolut ion of the UO2 

(3) Acid leach of the a s -p roduced p a r t i c l e s 

(4) Air oxidation at elevated t e m p e r a t u r e s 

(5) Measu remen t of alpha emiss ion f rom a thin l aye r of the p a r t i c l e s 

(6) Repeti t ion of one o r m o r e of the above after t h e r m a l cycling 

(7) E l e v a t e d - t e m p e r a t u r e f i s s ion-gas r e l e a s e after neutron activation. 

The color of an a lumina-coa ted u ran ia pa r t i c l e can range from the dark color of 
the u ran ia to any shade of g ray-whi te , depending on the coating th ickness and the 
porosi ty . Samples have been obtained with 12-/i coatings which were sufficiently t r a n s 
paren t to appear uncoated. When the a s - p r e p a r e d pa r t i c l e s a r e examined m i c r o 
scopically, the coating appears to be f ree of c r a c k s , and is dense and uniform in color . 

F igure 3 shows photomicrographs and an e lec t ron mic rog raph of typical a lumina-
coated u ran ia p a r t i c l e s . As can be noted f rom these m i c r o g r a p h s , the coat ings, p r e 
pared at 1830 F , w e r e uniform in th ickness , dense , and re la t ively f ree of voids . 
Pe t rog raph i c and X - r a y diffraction ana lyses revea led that the alumina formed at 1830 F 
was the alpha modification having a gra in size of l e s s than 5 jj,. 

As can be seen f rom the data in Table 1, deposition of AI2O3 at 1290 F gives a 
porous coating (determined by pe t rographic examination to be gamma and kappa AI2O3) 
even in a th ickness of 8 jU. In cont ras t , a S-jd alpha alumina coating deposited at 1830 F 
is sufficiently nonporous to pa r t i a l ly p ro t ec t the u ran ia f rom n i t r ic acid. However , a 
lO-fl coating of alpha alumina is needed to give essent ia l ly complete protec t ion . This 
conclusion is confirmed by the r e su l t s of the 1830 F oxidation tes t . The samples of 
coated p a r t i c l e s exposed to a i r at 1200 F w e r e essent ia l ly not affected. The r e su l t s of 
the the rma l -cyc l ing tes t indicated that the a lumina-coated pa r t i c l e s a r e genera l ly 
r e s i s t an t to t he rma l cycling between 600 and 2500 F . 

Alpha emiss ion and the pos t i r r ad ia t ion r e l ea s e of f iss ion gas after neutron 
activation were studied. Alpha pa r t i c l e s emit ted f rom the coated pa r t i c l e s were 
m e a s u r e d by counting a monolayer of the m a t e r i a l in an i n t e rna l - s amp le propor t ional 
counter. The range of alpha p a r t i c l e s in a lumina is about 10 /Li. F i s s i o n - g a s r e l e a se 
was m e a s u r e d by heat t rea t ing a neut ron-ac t iva ted sample in flowing hel ium, collecting 
the l ibera ted xenon-133 in a r e f r ige ra ted charcoa l t r a p , and assaying the xenon-133 
radioact ivi ty with a wel l - type scinti l lat ion c rys t a l . Small samples were i r r a d i a t e d to 
1 X 10^5 nvt for the l a t t e r study. 
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a. As-Polished Material From Lot 16587-6-lB 

-*•»'« Aw.i^»iJi^ui»i 

17.200X 

b. Electron Micrograph of Material From Lot 16587-14-4E 

^°°^ N65247 

c. As-Polished Particle From Lot 16587-6-lB 

FIGURE 3. STRUCTURES OF TYPICAL 20-/i ALUMINUM COATINGS ON 105 TO 149-M UOg PARTICLES 

The granular structure visible in the electron micrograph is the UOo. 
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TABLE 1. SUMMARY OF TYPICAL RESULTS OF EVALUATION 

UO2 
Lot Enrichment Size, n Coatmg Thickness, 

8 

8 

Porous 

9 .5 

15 

fi 

Coatmg 

Temperature, 

F 

1830 

1290 

1830 

1830 

Treatment 

Effect of 
Thermal 
Cycling 

From 600 F 

to 2500 F ( ^ ) 

15638-7-5 Natural 

15638-10-8A Natural 

15638-21-13A Natural 

15638-29-14C Natural 

16997-35-A2 Natural 

16997-34-Al Natural 

16997-34-Ala Natural 

16587-6-lB Natural 

149-250 

105-149 

44-53 

44-53 

105-149 

105-149 

105-149 

105-149 

2-3 

4-5 

9-10 

20 

1830 

1830 

1830 

1830 

Leached m 1:1 HNO3 for 18 
hr at room temperamre 

Leached in 1:1 HNO3 for 18 

hr at room temperature 

16 hr at 1830 F in air 

23 hr at 900 F m air 

240 ht at 1832 F m air 

As prepared 
8 hr at 1830 F m air 

16 hr at 1830 F in air 

As prepared 

8 hr at 1830 F in air 

16 hr at 1830 F m air 

As prepared 
8 hr at 1830 F in air 
16 hr at 1830 F in air 
30 hr at 1830 F in air 

As prepared 

16587-9-2 Namral 105-149 35-40 

5 hr at 1200 F m air 

1830 As prepared 

5 hr at 1200 F in air 

No effect 

16587-12-3C Natural 105-149 

16587-84-7J Natural 

17061-13-8G Natural 

105-149 

46-50 

16587-1.4-4E Fully enriched 105-149 42 

16587-58-6H Fully enriched 105-149 40-56 

40 

Thermal cycling followed by 

5 hr at 1200 F m air 

2010 As prepared 

5 hr at 1200 F m air 
Thermal cycled 
Thermal cycle followed by 

5 hr at 1832 F m air 

297-350 20 porous + 130 dense 

1830 

1830 

1830 

1290 
1830 

As prepared 

5 hr at 1200 F in air 

As prepared 

5 hr at 1200 F in air 

As prepared 
Thermal cycled 
Thermal cycled and leached 

5 hr at 1200 F in air 

As prepared 

5 hr at 1200 F m air 

Thermal cycled 

No effect 

No effect 

No effect 

No effect 

Foomotes appear on the following page. 
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TESTS ON ALUMINA-COATED URANIA PARTICLES 

Results of Alpha Count 
Net Alpha Equivalent 

Activity Per G Uranium Per G 
of Clad ParticlesC'), of Clad ParticlesC^). 

cpm mg 

Results of 

UO2 Oxidized 
After 

Heating in Air(d), 
per cent 

Porosity Tests Resultsof Neutron-ActivationExperiment 
UO2 Removed in Postirradiation 

HNOa Leach Heat Treatment 
, Test(s), per ca i t Temperature, T ime , 

In 1 Ht In 7 Hr F min 

Xenon-133 
Release, 
per cent 

7.3 ± 1.3 

1 .4± 1.0 

0.019 

0.0038 

0.09 

0.56 to 1.26^^) 

6.40 

5 .91 

20 .15 

5.83 

0.0 
0.12 

1.66 

0.319 (18 hr) 

6.52 (18 hr) 

10 .78 17.21 

2 .48 1.28 

0.002 <0.001 

--

<0.01 

--
<0.01 

--

--
<0.001 

--

--

--
<0.001 

--

1850 

2250 
2400 

— 
--

1550 

1500 
2000 

100 

75 
135 

— 
--
144 

60 
50 

<1.7 X 10 ^ 
1.7 X 10-2 

1.6 X 10"^ 

— 
--

1.3 X 10-4 

<3.7 X 1 0 ' ^ 
3.7 X 10"^ 

<0.01 

0 . 8 ± 
0.8 ± 
2 .0 ± 

--

._ 
20.7 ± 

0.4 ± 

0.5 ± 
0.4 ± 
0 . 4 ± 

--

1 .0± 

2 .4 ± 
3 . 4 ± 

0 .8 
0 .8 
1.0 

2 .5 

1.2 

1.0 

0 .8 
0 .6 

0 .6 

0 .9 

1.2 

0. 0022 

0.0022 
0.0054 

--

_. 
0.017 

0.00022 

0.0014 

0.001 

0.003 

--

0.0026 

0.0064 

0.0092 

--
<0.01 

--
<0.01 

<0.01 

<0.01 

--
--
--

<0.01 

— 

<0.01 

--

<0.001 

--
— 
--

<0.001 

--

--

0.29 

--
--
— 

— 

--
--

0.217 

--
--
— 

<0.001 

--

--

0.016 

--
--
--

— 

--
--

1950 240 7 . 7 x 1 0 ' 
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Footnotes for Table 1: 

(a) Microscopic examination. Thermal cycled nine times between 600 F and 2500 F in processing gas (nitrogen-10 volume 
per cent hydrogen) allowing 15 min at each temperamre on each cycle. 

(b) Alpha count measured in an internal-sample proportional counter. 
(c) Distribution of urania assumed to be uniform throughout the outer 10 fi of coating. 
(d) Sample heated in static air. When more than one value is reported, they are additive. 
(e) Sample leached 1 hr and an additional 7 hr in 1:1 HNO3 at approximately 200 F unless otherwise specified. 
(f) An uncertainty in this value results from uncertainty in the assignment of an apparent change in the weight of the crucible. 
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Resu l t s of the alpha a s s a y s a r e r epor t ed as m i l l i g r a m s of uranium per g r a m of 
coated p a r t i c l e s . It is impor tan t to recognize that the alpha a s say does not dist inguish 
among core u ran ium exposed by a c rack in the coating, uranium on the outside surface 
of the coating, or u ran ium in the top 10 jd of the coating. F o r this reason, the weight of 
u r an ium equivalent to a m e a s u r e d counting r a t e cannot be es t imated with good p r e 
cision. In this r epo r t , it i s a s sumed that all uraniuin detected by alpha counting is in 
a IQ-fj. l ayer and that the dis t r ibut ion in this l aye r is uniform. In genera l , the alpha 
a s says show that a v e r y smal l f ract ion, ~10~", of the total uranium in the coated 
pa r t i c l e s is " in" the coat ings. F o r compar i son , a UO2 par t i c l e 120 jU in d iamete r and 
coated with 40 /i of a lumina contains 40 w/o u ran ia . 

F i s s i o n - g a s re tent ion of the coated p a r t i c l e s , as de termined by neutron activation, 
was good. In a 2-hr heat t r e a t m e n t at 2400 F , one lot (16587-6-IB) of ma t e r i a l having 
a 20-/i coating r e l e a s e d 1. 6 x 10-2 p e r cent of the total xenon-133 p resen t in the pa r t i c l e s 
at the beginning of the heat t r ea tmen t . Another lot (16587-9-2) with 35 to 40-jd coatings 
r e l ea sed 3. 7 x 10"3 per cent in 50 min at 2000 F . 

Lot 16587-14-4E showed a pos t i r r ad ia t ion r e l ea s e of 7. 7 x 10""^ pe r cent in 240 
min at 1950 F . In the light of i t s demons t ra ted f i ss ion-gas retent ion, this lot of coated 
powder has been se lected for an in-pi le capsule exper iment . 

CONCLUSIONS 

(1) Uniform, void-free coatings of dense alumina up to 150 /i in thickness 
have been deposited on fine u ran ia shot in a f luidized-bed r eac to r by 
the hydro lys i s of a luminum chloride vapor . 

(2) The a lumina-coa ted u ran ia exhibited excellent a i r -oxidat ion r e s i s t ance 
and good f i s s ion-gas re tent ion at t e m p e r a t u r e s up to 2400 F after low 
i r r ad ia t ion exposures . 

(3) Alumina coatings have been made which a r e sufficiently s trong to with
stand t he rma l cycling, even above the deposition t empe ra tu r e , where 
the g r e a t e r expansion of the u ran ia core r e su l t s in tensi le s t r e s s in 
the coating. 

(4) The coating p r o c e s s has not been optimized, but it appear s from a 
considera t ion of the p r e l i m i n a r y work that, with additional develop
ment , commerc i a l feasibi l i ty of the p r o c e s s can be demonst ra ted . 
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