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Abstract 

Binary mixtures of Be0 with the  oxides A1204 Ca0, Li20, &O, Sc20g, 
Ti02, Y20 , and Zr02 were f i r e d  t o  temperatures i n  excess of 2 0 5 0 ~ ~  i n  
an attemp 2 t o  produce a s t ab i l i z ed  cubic c ry s t a l l i ne  modification of BeO. 
No evidence was observed i n  microscopic and X-ray d i f f r ac t i on  analyses 
of the  cooled specimens t h a t  a cubic form of Be0 had formed i n  the  
experiment. 

NOTICE 

This  document contains information o f  a preliminary nature and was prepared 
pr imari ly for internal  use at  the Oak Ridge Nat ional  Laboratory. I t  i s  subject  
t o  rev is ion  or correct ion and therefore does not  represent a f ina l  report. The 
informat ion i s  not t o  be abstracted, reprinted or otherwise g iven pub l ic  d is -  
semination wi thout the approval o f  the ORNL patent branch, Lega l  and Infor- 
mation Control Department. 



Introduction 

Several investigations of the c rys ta l  properties of beryllium 

oxide a t  high temperatures1-3 have shown tha t  a so l id  s t a t e  t rans i t ion  

occurs below the melting point a t  approximately 2050°c, although no 

evidence of this t rans i t ion  has been found i n  high temperature thermo- 

dynamic datam4' No general agreement prevails regarding the nature of 

the t ransi t ion.  ~us te rman j  adopts the view t h a t  the change is an order- 

4 4 
disorder c rys ta l  t rans i t ion  between the space groups CGv and D6h, i n  

which induced changes a re  not discernible by X-ray diffract ion data. 

M i l ~ e r , ~  i n  h i s  high temperature X-ray diffract ion investigation of 

BeO, noted the appearance of an unindexed l ine  i n  the data derived above 

6 
2 0 5 0 ~ ~ .  Rothman and Smith have indexed several l ines  appearing i n  X- 

ray diffract ion data taken above 2050'~ on the bas is  of a cubic cel l .  

The discovery tha t  Be0 undergoes a so l id  s t a t e  t rans i t ion  t o  a cubic 

f orm when heated t o  temperatures above 2050'~ suggests the interest ing 

poss ib i l i ty  tha t  the s t ructure might be s tab i l ized  by a small amount of 

another dissolved oxide. 

Recent i r rad ia t ion  t e s t s  have shown t h a t  the hexagonal form of 

beryllium oxide i s  subject t o  radiation damage on long exposure a t  l a w  

temperatures. Damage, a t t r ibuted  t o  anisotropic expansion of the 

c rys ta l  l a t t i ce ,  is observed i n  density decrease, as noted i n  refract ive 

index measurements made on the i r radiated material. That a cubf c f o m  

of Be0 might be l e s s  vulnerable t o  radiation damage gives impetus t o  

attempts t o  s t ab i l i ze  t h i s  form. For a cubic form of Be0 t o  prove use- 



ful as a stable  reactor moderator material, it mst necessarily occur 

as an equilibrium phase a t  low temperatures. Consequently, it i s  most 

desirable t h a t  the cubic-hexagonal t ransi t ion temperature be strongly 

depressed by small amounts of a dissolved additive. The small free 

spa,ce within the hexagonal crystal  of Be0 makes it appear that a second 

non-volatile oxide could not be incorporated within a cubic l a t t i c e  of 

Be0 unless t h i s  form were t o  be of anomalously low density. Neverthe- 

less ,  the poss ib i l i ty  of achieving fortuitous s tabi l iza t ion  by any of 

several oxides of small cations w a s  a suf f ic ient ly  interest ing goal, 

t h a t  exploratory high temperature experiments were conducted. Binary 

mixtures of Be0 with the oxides A1203, CaO, Li20, MgO, Sc2O3, TiO2, 

Y2O3, and ZrOg were heated t o  temperatures above 2050°c, cooled, and 

examined using the polarizing l i g h t  microscope and the X-ray diffracto- 

meter. From these emminations, it was evident tha t  each of the binary 

mixtures had been pa,rtially or completely molten. However, no evidence 

was observed which indicated that a cubic form of Be0 had been formed i n  

the experiment. 

Experimental 

Binary mixtures of Be0 with the oxides A1203, CaO, MgO, Sc2O3, 

and Y203 were prepared by aqueous precipitation with ammonium hydroxide 

from mixtures of n i t r a t e  solutions, while those containing Ti02 and Z r 0 2  

were prepared from chloride solutions. The binary mixture, Li20-BeO, 

was prepared by thermally decomposing a dried mixed residue of LiN03 and 

~ e ( ~ 0 ~ ) ~ .  The coprecipitated oxides were dried a t  125'~, heated slowly 



t o  1 0 0 0 ~ ~  i n  a muffle furnace, maintained a t  1 0 0 0 ~ ~  f o r  20 minutes, cool- 

ed, ground, and pe l le t i zed  a t  20,000 p s i  t o  specimens 1/2" i n  diameter. 

No binder was used a t  any stage of the  preparation. The p e l l e t s  were 

f i r e d  f o r  one hour a t  temperatures of 2 0 7 5 + 3 0 ~ ~  - i n  a graphite res is tance 

vacuum furnace, adapted from a design by Smith.9 Temperature measure- 

ments were made using a Leeds and Northrup op t i ca l  pyrometer. Furnace 

temperatures were ca l ib ra ted  against  the  melting point of pure Al203. 

Chemical and phase analyses of the  cooled Be0 binary mixtures 

a r e  shown i n  Table I. 

Discussion 

High temperature investigations of Be0 systems have been con- 

ducted f o r  many years. I n  the  r e l a t i ve ly  few systems which a r e  known 

no evidence has been c i t e d  f o r  the  occurrence of high temperature cubic 

s o l i d  solutions of ~ e 0 . l '  The da ta  derived i n  the  experiments reported 

here a l so  lead t o  the  conclusion t h a t  no equilibrium cubic s o l i d  solut ion 

can be achieved i n  the usual fusion experiments. Cubic BeO, a s  well  a s  

radia t ion damaged hexagonal BeO, should be s ign i f ican t ly  l e s s  dense than 

standard BeO, and contain grea te r  f r e e  space i n t o  which s t ab i l i z ing  ions 

might permeate. No attempts t o  s t a b i l i z e  low density hexagonal Be0 were 

made, because thermal annealing a t  temperatures 500 -1050~~  increased the  

re f rac t ive  index, and presumably the  approximate density, t o  the  usual 

values f o r  ~ e 0 . ~  The pos s ib i l i t y  remains t h a t  other means may be discover- 



Table I. Phwe Analyses of Be0 Binary Mixtures 

.. 
Composition Phase Ident if icat ion 
(mole o/o) X-Ray Diffraction (1111 O/O) Petrographic 

1000°C 1 5 0 0 ~ ~  2075'~ 2 0 7 5 ~ ~  

gPe0-5A1203 A l l  BeO, poorly Almost en t i r e ly  BeO; Second phase not 
crystall ized t race  BeA1204, t race  observed; appreci- 

unid. able Be0 grain 
growth noted 

9gBeO-5CaO gOBeO, 10 unid. gOBeO, 10 unid. Well developed Be0 
crystals;  second 
phase black and 
dendritic 

95Be0-5Li20 gOBeO, 10 unid. A l l  Be0 Well developed Be0 
with inclusions; 
second phase not 
detected 

95Be0-5Mg0 70~e0, 30 M ~ O  gOBeO, 10 MgO Lath-like s intered 
BeO; second phase 
observed but  not 
ident if ied 

95Be0-5Sc203 gOBeO, 10Sc203 gOBeO, 10Sc203 Sintered Be0 contain- 
ing microcrystalline 
high index cubic 
material a t  grain 
boundaries 

82.2~e0- 6 ~ 0 2 ,  Ti203, 5OBe0, 5Wi203 gOBeO, 10Ti203 Be0 and black 
1 7 . 8 ~ 1 0 ~  20Be0 opaque phase 

95Be0- 5Y203 30Be0, TOY203 40~e0,  6 0 ~ ~ 0  ?; Be0 + BeO-Y203 eu- 
well-crysta l ized  t e t i c  growths 

9gBe0-5Zr02 50Be0, 30 cubic 80~e0 ,  1 5  mono- Be0 + monoclinic and 
Zr02, 20 mono- c l in ic  Zr02, 5 cubic Zr02 

_ cl in ic  Zr02 Zr02 



ed by which s tabi l iz ing cations can be retained i n  a cubic Be0 crys ta l  

l a t t i ce .  None of the methods, e.g., introduction of cations via high 

temperature so l id  s t a t e  diffusion, suggests i t s e l f  as a feasible means 

f o r  production of laboratory quantit ies of cubic BeO. 



References 

1. V. D. Frechette, Supplementary paper at  the Basic Science Division 
Meeting of the American Ceramic Society, Schenectady, N. Y., 
October 9-10, 1961. 

2. K. T. Miller, "High Temperature X-Ray Diffraction Investigation of 
BeO," NM-~~-Merno-5934, Dec. 2, 1960. 

3. S. B. Austerman 'Decrepitation of Beryllium Oxide at  High Tempera- 
ture," NAA-SR-6228, Sept. 30, 1961. 

4. V. V. Kandyba, e t  al, ,  "Determination of enthalpy and heat capacity 
of beryllium oxide i n  the temperature range of 1200-2820°~, " 
Doklady Akad. Nauk, S. S. S. R., -9 131 566 (1960). 

5 .  P. P. Budnikov and R. A. Belyaev, "~eryl l ium Oxide and Its Properties," 
Zhur. Priklad. Khim. 33, 1921 (1960). - - -  

6. A. J. Rothman and D. K. Smith (UCRL), Unpublished work. 

7. R. P. Shields, J. E. Lee, Jr., and W. E. Browning, Jr., "Irradiation 
Effects on Beryllium Oxide, " 0 ~ ~ ~ - 3 1 6 4 ,  June 7, 1961. 

8. T. N. McVay, R. E. Thoma, H. Insley, H. A, Friedman, and C. F. Weaver, 
"Postirradiation Examinations of Beryllium Oxide," J. Amer. Ceram. - - 
Soc (In press). A, 

9. C. A. Smith, "A Small High Temperature Vacuum Furnace fo r  Laboratory 
Use," NAA-SR-109, March 5, 1951. 

10. E. M. Levin, H, F. McMurdie, and E. P. Hall, "Phase Diagrams for  
Ceramists," Columbus, Ohio, The American Ceramic Society, 1956, and 
1959. 



DISTRIBUTION 

1. F. E. Blankenship 
2. E. 6 .  Bohlmann 
3. G. E. Boyd 
4. W. E. Browning 
5. J. H. Burns 
6. S. R. Bwrton 
7. 0. C. Dean 
8. D. E. Ferguson 
9. H. A. ~r iedman 

10. J. H. Frye, Jr. 
11. W. R. Grimes 52 
12. R. L. Ramner 
13. W. 0. Harms 53- 
14. L. A. Rarris 
15. G. M. Hebert 54 
16. D. G. 11il1 (consultant) 
17. H. Insley (consultant) 55 * 
8 .  J. E. Lee, Jr. 
19. H. F. McDuffie 56-70. 
20. T. N, McVay 
21, A, J. Miller 
22. R, E, Moore 
23. J. E. Ricci (consultant) 
24. R. G. ROSS ' 

25. J ,  HI S u f f e r  
26. R. P. Shields 
27. B. J. s t u m  
28. R. E. Thama 
29. G. M. Watson 
30. C. F. Weaver 

31-36. Central Research Library 
37-47. Laboratory Records Dept . 

48. Laboratory Records, ORNL R.C. 
49. Reactor Division Library 

50-51. ORNL Y-12 Technical Library 

External Distribution 

Division of Research and Development, 
AEC, Washington 
Division of Research and Development, 
OR0 
Division of Reactor Department, AEC, 
Washington 
Division of Reactor Development, AEC, 
OR0 
MIIE, AEC 


