
- - 

1 DQCUMENT NO. 1 

_- 
. . ,i 
' RICHLAND. WASHINGTON , - 

! .I CHARACTERIZATION OF COMMERCIAL ALUMINATE, SILICATE, AND ZERO-X MATEFU4LS. s 1 

- 
. - AUTHOR W. E. Gurwell - - ... . L- <,--- . ,  .,, ' *  

Fabrication Development Unit, Fabrication Metallurgy Section I"' . 1 ?' I :  I 
Metallurgy Department ' - 

L I  

D l S T R l  B U T I O N  - - . - - - - - - - - - - 

NAME BUILDING AREA I NAME BUILDING AREA l i 

R. - Cooperstein 
T. w, Evans 
M. Lewis. 

8 N ;olaus 
r ( 5 )  
Ler 

DOUGLAS-UNITED NUCLEAR 

G. B. Hansen 
HI G. Powers 

- .  
Re J. ~ n n i c e t t i "  4,'' 1'; 

' 
' 308 300 

C. A. Burgess .Z-I.:-~- - -  11 

. J '  

308 300 
We L. Delvin - * 325 300 
K. ~rumheller  -!'-" -,325 3a 
W. 0. Greenhalgh <$ . 325 3QO 
~ . ~ . ~ u r w e l l  - 306 300 
W. L. Hampson . ! - "  3 3 M  
K. M. Harmon I -  - I 325 300 
R. S. Kemper, ' .  p E + . .  T,v, ' " - 306 300 
G O  A. ~ a s t  t f L  - r 306 300 

I 
ROUTE TO PAYROLL NO. LOCATION FlLES ROUTE DATE 

I I 

. . 

- , -  ,,., - .-L-.  ,.: .,. , . .  UNCUlSSIFTED ': L 
8 3  . s7.i ., <',:-;.* .:I ' - .L8 

. ,, 4 . -  ..-I - : .( .- 
---. . , - . . . - : " .  , ' 2 ' -  , :.. ,.. 

, -. 
(CLASSIFICATION) 

. r 

3.. : -- (TO BE USED ON UNCLASSIF IED  AND O F F I C I A L  USE O N L Y  DOCUMENTS) 

64- 1 100-032 ( 1-65) ASC.RLO0 I ICHLAI IO WASH. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



.We E. Gumfell 
Fabrication Development 

. . Fabrication Metdlurgy 

Abstract 

Lithium aluminate and li thium s i l i c a t e  powders ( ~ i  thium Corporation 
. . 

- of America) and Zem-X . . pe l l e t s   em corporation) have been analyzed ,' 
. .  . 

syectrochemically, by X-ra.y di.ffract,i.on, and f o r  lithium, carbon, and water 

content. 'Ilhese da,ta ape presented along with some important physical con- 

s t an t s  'of the m t e r i d s .  

Aluminate and s f  l i c a t e  powders &re incompletely calcined, containi ng 

up t o  3 w t $  residual  lithium cabonate .  !They h&ve li thium contents t h a t  
a .  . 

are sub-stoichiometric by as much as 26. They have moistwe contents up 
. . . . . . 

t o  7 w t $  Alumi nate powders contai  n a v w i  able mixture. of the  a, and y 

. . al lotropeso SiLicate powders have the s ingle  l i thium meta . s i l i c a t e  s t ruc tureo  
. . 

. . . .  . 

Average pa r t i c l e  s i ze  of the powders ranges from 7'5 t o  100 microns, 

Zero-X pe l l e t s  are calcined completely, and have stoichiomet.ric 

l i t h i u m  content, about 105 ppm water, and a densi ty  of 1083 gm/cc. Cryst& 

~ t m c t u r e  i s  a so l id  solution of s i l i c a  i n  p - S p d w n e .  

1ntroductl.on 
Y 

It i s  the  purpose of t h i s  paper t o  chaac texize  the  behavior and 

chemi c a l  puri ty  of l i thium aluminate and li thium meta-sil l  ca te  powders 

(made by Lithium Corporation of America, t he  major commercial supplier) 

and Zero-X pe l l e t s  (synthetic pe ta l i te ,  made by Femo Corporation, t he  so le  

commerc f d. supplier) . 



. - 
In  order t o  completely understand the behavior of these materials 

one must be famil iar  with the  manufacturing pracesses. Available inform-  
. . 

t i o n  on those pmcesses is  given within this report. 

AJ-1 three laaterials a r e  produced by r e a c t i  ng li thium carbonate w i  t h  

alumina and/or s i l ica ,  powders according t o  the  following reactions: 

Lithium Aluminate 

Lithium S i l i c a t e  
' . . .  >60cPc 

 his aluminate i s  mde by the same reaction as above.) 

The aluminate and s i l i c a t e  powders m e  produced by calcining the  powder 

mixture i n  a, rotary k i ln ,  Reaction i s  considered complete when the CO, 

evolution appea.rs to stop ( o w  analyses show that there is  up t o  3qd un- 

reacted carbonate i n  the  alupinate and 1.5$ i n  the, s i l i c a t e ) .  The calcining 

may be followed ty a short  grinding s t ep  i n  order t o  break up large 

aggregates, 

The li thium duminate product i s .  used as a f lux  i n  refractory enamels, 

'Ilhe l i thium s i l i c a t e  product i s  a powerful f l u x  used i n  enamels, glazes, 

and coatings f o r  welding electrodes. 

Zero-X material  is  made by reacting blended s i l i c a  and aluminste powders . . .  . .  . . .  .. . 

i n  s pel le t ized  form. These pe l l e t s  a re  then ground t o  a f i n e  powder, s l i p  

cas t  i n to  pel le ts ,  t t r ~ i l  s i i ~ t e r e d ~  Thc product i s  a low coef f ic ien t  of ex- 

pansi on, therrral shock re s i s t an t  body which was developed by Femo ~ o r ~ o r a t i o n  

f o r  these properties. 



Discussion and Conclusions . . . .  . . 

The chemical puri ty  of dl three of the  above products (see Table MI) 
. . -  

i s  la rge ly  dependent on the  alumina and/or s i l i c a  purity. ' Lithium cabonate  

1. 
is  a stable ,  stoichiometric compound which can be obtained i n  a chemicd.ly 

pure form eas i ly  and cheaplye The chemical puri ty  of the  f i m l  products 
C 

is a lso  dependent on completeness of reaction and stoichiometxy of the 

carbonate plus dumina andlor s i l i  ca .  mixtures. Both aluminate and s i l i  cate  
- 2 

. .. 

powders received t o  date from Lithium Corporation have had sub-stoichio-. . . 

metric l i thium contents and r e s f d u d  carbonate (see Tables I and 111, 

Aluminate powders a l so  Eave r e s i d u d  alumina (see Table 111, X-ray diffrac-  
. . 

t i o n  data fo r  l i thium aluminate), Zero-X pe l l e t s  have stoichiometric 

l i t h i u m  contents and low r e s i d u k  carbonate. (see Tables I, 11, and v.) 
I 

. . 

Residual mounts of LbCO, a re  undesirable i f  the  mater ial  i s  heated 

i n  a closed container above the preparati~n'tem~erature. ' The elevated 

temperature would force reaction of the  carbonate thus producing an 

appreciable p&ial pressure of C O z . .  Also, lithium carbonate i s  sa id  t o  
1 

react  violent ly with molten aluminum and may do so with other con.t;ainer 

materials a t  elevated temperatures. 

LiAl% has two cxyataUographic forms. The. low form, a, transforms 

i r revers ib ly  t.o the  high form, y, above 60@C with an accompanying 3 6  
2 

volumet~ic  increase (or  23$ density deckease). The k ine t ics  of the 

transformation increase with increasing temperature and the traasformation . 
3 

occurs f a i r l y  rapidly at 906' C. Aluminate powders received t o  date have 

had a variable cr and y content running from about 5@ cr t o  near 75$ cr (see 

Table 111, &tch 2 and Batch 3b aluminate, respectively).  . A sample ' con- 

ta ining 7546 cr heated t o  1000' C f o r  6 hours had a residual  cr content of l e s s  

than 16, Obviously the percentage of alpha would influence the  green and 

s intered densi t ies  of whiteware k d e  from t h e  d u n i n a t e  powder. Also t h e  
. . .  



a? expansion (9% l i n e a r )  i s  large enough t o  f rac ture  any closed container 
' .  
i f  the  powder i s  packed t igh t ly  in to  it. 

L$ SiO, (l i thium metasil icate ) has but one crystallographic form. (see 

Table I V . )  
. . . . 

Zero-X ( a  synthetic pe ta l i te ,  Liz 0 "A& 0 3 0 8 S i s  ) i s  a so l id  solution of 

s i l i c a  i n  6-spodumene ( ~ h  0 - 4  0, 0 4 ~ i 0 z  ) and i s  completely s table .  above 680'~ 

(see Table x).  

Different ial  ThePmal Analysis of Aluminste Powder 
. . 

A sample of aluminate powder from Batch 3c has been submitted t o  d i f f e ren t i a l  

thermal analysis.  Four thermal e f fec ts  (reactions) were found on heating t o  
. . 

1 5 0 0 ~ ~ .  Only one of the  reactions was reversible, on cooling. On heating, 
. . 

there  is  a peak a t  about 200°C w h i c h ~ c ~ r r e s ~ o n d s  t o  water evolution. . The next 

peak i s  a broad endothertn a t  about 450°C which i s  most l i k e l y  decomposition of 

lithium hydroxide. A% 975'~ there i s  another broad endotherm. According t o  
6 

Maslova and Lileev t h i s  endotherm i s  probably the  reaction, of L$O with 

aluminum oxide. The l a s t  peak is  an exotherm a t  1280'~ on heating. Thils l a s t  

reaction, .the only reversible one, occurs a t  1235'~ on cooling, and i s  probably 

re la ted  t o  some type of crystallographic change.. This peak was a l so  found by 
7 

Hummel. He prepared LIA10, powders by reaction of the  carbonate and alumina 
9 

at  1 5 0 0 ~ ~  f o r  1 5  hours. Using more c a r e f d l y  prepared powders, StrPckler e t  a1 
8 

could not confirm Hummel's e a r l i e r  data. Hummel' s l a t e r  work showed tha t  a 

considerable amount of l i thium spinel, L W O , ,  i s  formed at  these temperatures 

due t o  l i t h i a  loss .  L q %  has a reversible order-disorder reaction tha t  . 

occurs between 2.250 and 1 3 0 0 ~ ~  on heating. Since the Batch 3c aluminate powder 

has a low l i t h i a  content it is  most probable t h a t  there i s  a s ignif icant  amount 

of the l i thium spinel present. It follows then t h a t  t h i s  l a s t  thermal 

e f fec t  i s  the order-disorder reaction of the  spinel  phase within the  

UNCUaSSDLED 



Batch 3c powder. Since l i thium spinel  is  denser than the  aluminate (3.61 

versus 2.62 gms/cc), the presence of s ignif icant  amounts of spinel  can a lso  

increase green and s intered densi t ies  of whiteware made f?om the powder. 
. . . . .  ' 

Summan ( ~ e f e r  t o  Tables I through X) 
, , 

Aluminate 

Lithium aluminate powders as  received from Lithium Corporation of 

America are  incompletely calcined, having residual alumina and lithium. 
. . . . 

carbonate (up t o 3  w t $ ) .  They havesub-stoichiomet;ric l i thium conbents 

running from 8.2 t o  9.2. w t $  ( theore t ica l  composition i s  10.53 wt$ Li)  . 
Average pa r t i c l e  s i ze  i s  75 t o  100 microns. The powders contain up t o  

7 wt$ moisture and a variable mixture of the  cu and y a l lo t ropic  modifi- 

cations. The as-received powders contain a small amount of i ron f i l i ngs ,  
. . 

.possibly from s grinding process contain appreciable amour~ts of LU!! % 
because of the low l i t h i a  contents. 

S i l i c a t e  

Lithium meta s i l i c a t e  powders.as received from Lithiuin Corporation of 

America a re  incompletely calcined, hadng  up t o  1.5 wt$ umeact ed l i thium . . 

carbonate and they have s l igh t  sub-stofchiometric l i thium contents punning 
. . . . . . 

Frcm 14.8 t o  15.0 vt$ ( theore t ica l  composition i s  15.43 w t $  Li) .  The 
m .  

powders contain up t o  4 w t $  moisture and have the LhSiO, c rys ta l  

s t ruc tureo  Average pa r t i c l e  s i z e  i s  about 90 micmns. 

Zero-X pe l l e t s  contain 2.2 wt$  Li (2.27 w t $  i s  theore t ica l ) ,  135 ppm 

carbon (or  832 ppm unreacted LJ, CO, ), and about 105 ppm moisture. The 

p e l l e t s  have a non-uniform hardness which makes them d i f f i c u l t  t o  b e l t  

centerless grind t o  close tolerances. Pe l le t  density is l e 8 3  gm/cc with 

an average pore s i ze  of 4 p . 
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7 -  

Lot Number 

TABLE I o 
. . .  

Chemical Summary 

% Total Carbon - ppm 5230 2068 5438 3734 4066 2492 2317 .135 

*Equivalent Carbonate - wt$ 3.22 1.28 3.35 2.30 2.50 . 1.54 1.43 0.083 

Lithium - w t $  9.2 9.2 ' 8.3. 8.2 8.2 .14 ,8  15.0 . 2.2 

Water - wt$ 6.0 6',g .0 .3 ' .  1.3" 3.7 0.~0105 

Sulphu - ppm 300 

'Fluorine - ppm 

Average Part ic le  Size - microns 75,: 100 

Average Pore Size - microns 

Pel le t  Density - gm/cc 

$I of Theoret'ical 77.1 

Approximate Bulk Density - gm/cc 1.1 1.1 1.1 1.1 1.1 1.0 1.0 

$ of Theoretical 42 42 42 42 42 ' 4 0  

Each l o t  number refers  t o  a separate shipmekt from the  supplier. k t t e r  a f t e r  

number refers  t o  separate containers in  shipment. 
I 

" *&1 carbon i s  assumed'-LO be present as LhCO, 



Some' Important Physica.1 Constants 

. . . .. 

. . 
-. . 

Melting Point - C 
s 

True Density. - gm/cc " 

Thermal Expansion '.x, l@ C 

Li AlO, Li, SiO, Zero -X 

above 1.629 I20l0 1 3 5 8  

BTU . . 

Ihennal Conductivity - fta ' h r . 2  approx 1.5' (ajy) 
f +  

Theoretical  Composition - wb$ 

Compressive Strength - p s i  40,000 . . 

Modulus of Rupture - p s i  55,000 

Safe Continuous Working Temperature - O C  126@ 

4,3 ' 

*Latest X-ray density. 2.55 i s  given i n  .standard references. A b r i e f  

conversion char t  i s  given i n  Table X I ,  
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TABLE 11. (continued) 

Some '~mportant Physical Constants 

- - 
Heat and Free. Enera- bf Formation of LMO, a t  298'~. 

From oxides . . 

+L&o(c) + -&03 = LiAlo2 (c)  
.. . 

A%,.o K = - 12.95 kcal/mol& 

From Elements 

~ i ( c )  + ~ ( c )  + % (g) = L ~ A ~ O ~  (g)  

LU 

Entropy of LiAlQ at 298'~. 

Heat Capacity of LinlO, from 298 t o  18000.~. 

Heat content of LiA10, from 298 t o  1800'~. 

~ - ~ & , , o ~ ( c a l / m ~ l e )  = 2 2 . 0 8 ~  + 1.45 x 1 0 ~ 1 3  + 6.00 x ~ ( F T ~  - 8,724 

T = temper8twe i n  degrees Kelvin. 





TABLE 111. 
. . .. . 

. . 
X-Flay Diffraction h t a  

fop' ' . 

As-Received Lithium Aluminate 
' Versus Literature Data 

Batch 2 , Batch 3b 
LfQlq, L W O ,  
As-Received As-Received s (2 1' . (4) 
from L.C.A. from L.C.A. cu-Limos v-Lihblo9. . 



Batch 2 
L m 0 ,  
As-Received 
from L.C.A. 

TABLE 111, (Cont , )  

Batch 3b 
LiA102 
As-Received 
from L.C,A. 



TABLE 111. (Cor.t, ) 

Crystal Structures : 
(2) 

. .. . . . .  

a - LiAIOa - Rhomobohedral of I'5aHFa 

. Molecular Volume = 32.205 R3 
. - ( 4 ) .  

.. , 

y-LiAJ.O, . - Tetragonal 

*Estimated peak in t ens i t i e s  



. . . .  . 
TABJJ?, IV 0 '. 

. ., . . . . -  . 

X-Flay Diffraction Data f o r  As-Received Lithium Met8 Si , l icate  
. ,  . Versus Li terature Data . .. . . . ' 

, . .  . .. . . . :.. 

 ith hid A s  Received 
Meta S i l i c a t e  ' from LoCoAo. - 

dR 
I/ . . 

1 0  30 12 

1.26 8 

1.18 5 

1014  5 

C r y s t a l  Structure: : ~ho,qbohedraJ. 



X-Ray Diffraction Data f o r  Zero-X Pel le t s  versus Literat.ure Data 

Zero -X 
As Received 
from Ferro Corp. 

~ u s t r a l i a n ~  
Pe ta l i t e  
Heated t o  1350"~ 

3.46 loo 
- 

3.14 50 

Beta 
Spo dumene 

5 
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+-Li20 wt$sio2 . . 
(U 

2 CU SI02-Li20 
cn 
2 Od aJ rn mc 
0 0, F ;  

MaJ 

b & O X  
(Urn $2 4J 

2 0 a, cub 
\.! z .. 1506 TABLE VI 

L' 
1 Liquid  

Base Diagrams Concerning LIA102 
Li2SiOg, and P e t a l i t e  ( o r  zero-XI 

- 1400 

f 



UNCLASSIFIED 

.. . TABLE V I I .  

L ~ ' s ~ o ~  Zero -X 
Batch 2 

202 5 2317 

Thermal 
Cross 

Element Section 

Lf A10, 
Batch 2 Batch 3a Batch 3b Batch 3c 
*2023 : 2318 2325 2326 

- - - - 
T-M S S S M-S M-S 

. . - * 
- 

T T-M . 

T . T-M 

M T-M T-M T-M 

M .  T-M 

M T-M 

CT CT 

M-S , M-S M-S M-S 

T-M ' . T-M M 

- T-M T-M . 

M -T-M M T-M T 

(Cant inued on next page) 
UNCLASSIFIED 

. . .  



TABLE VII . (continued) 

*Number r e fe r s  t o  BNW Spectrochemical Laboratory p la te  number. 
. . 

,a- ~ymgol Meaning : 
. . 

- 
SS Major detectable c o n s t i t u e ~ t  

S Strong - greater  than 1$ 

T Tpace - ,Less than 0.01$ 

- Not aetected 

* Interference - 
- 

Elements analyzed f o r  but not detected,;in any of the  above analyses a re  Au, 

Ba, Be, B i ,  Ca, Cd, Ce, CO, C s ,  Ge, H f ,  Hg, In, Ir, K, La, Nb, Os ,  P, Pd, 
- 

Pt, Pu, Rb, Re, Rh, Sc, Sr, Ta, Th, U, Y, Zn. 
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UNCLASSlFlED -20- , The Tyler Stmdatd Screen Scde when orderins 

Fourth Root of T w o  Series for Closer Sizin 
, Cumulative Direct Diagram of Screen Analysis on Sample ofLi2SiO3 - 2 - 4s Received 

90 Table X. 

Sieve &alyaie of LiSi03 
80 . . 

k Am Received. 

70 . 

.AN PLOTTING SQUARE ROOT OF TWO SERIES USE EVERY OTHER VERTICAL LINE T H E W .  S. TYLER COMPANY. CLEVELAND 14. OHIO. U.6.A. 7-63 



TABLE XI. 
I 

Conversion of Percent Theoretical Densities f o r  Lithium Aluminate 
2.55 gm/cc Base t o  More Real is t ic  2,62 gmjcc Base 

Density - 'gm/cc 

i b  

$ Theoretical Density 
2,$5 - . 2.62 




