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SUMMARY 

Through the  Waste Fixation Program, the Pac i f i c  Northwest Laboratory i s  conducting 
research on the s o l i d i f i c a t i o n  of high-level rad ioac t ive  waste. A major goal of this pro- 
gram i s  t o  develop r e l i a b l e  s o l i d i f i e d  waste forms and processes f o r  t h e i r  manufacture. 
This progress repor t  describes t h e  research and development a c t i v i t i e s  of t he  past  quar te r :  

0 Over 25,500 lb  of g lass  incorporating simulated defense waste was manufactured in  a 
joule-heated ceramic melter this quar te r .  In one 86-hr period of continuous opera- 
t i on ,  15,000 l b  of g lass  was manufactured. 

The melting r a t e  i n  t he  in-can melting process was found t o  be approximately propor- 
t iona l  t o  t h e  diameter of the can i s t e r ,  being 50, 70 and 90 k g / h r  in can i s t e r s  with 
12- ,  16-, and 20-in. diameters. 

We i n s t a l l e d  a new, highly instrumented, high-capacity e f f luen t  system tha t  serves a l l  
of the ca l c ine r s  and melters in t h e  engineering development laboratory.  

Preliminary leach t e s t s  of waste g lass  i n  s a l t  brine a t  25OoC and 1000 psi  yielded 
leach r a t e s  of between 2 x 
other s imi l a r ly  t e s t ed  mater ia l s  such as g ran i t e ,  alumina, and LWR fue l  p e l l e t s .  

A Pb-1OSn a l l o y  continued t o  appear superior t o  p la in  lead as a metal matrix material  
f o r  waste g l a s s  marbles, based upon an examination of the i n t e r f a c i a l  area a f t e r  heat 
treatments.  

0 

2 and 7 x g/cm -day -- about t he  same as 

i i i  



PREVIOUS REPORTS 

Previous r e p o r t s  i n  t h i s  se r ies  were BNWL-1699, -1741, -1761, -1788, -1809, -1826, 
-1841, -1871, -1893, -1908, -1932, -1949, -1994, -2070, -2242, -2243, -2264, and PNL-2265-1 
and -2265-2. 
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QUARTERLY PROGRESS REPORT 
RESEARCH AND DEVELOPMENT ACTIVITIES 

WASTE FIXATION PROGRAM 

JULY THROUGH SEPTEMBER 1977 

INTRODUCTION 

The Waste F i x a t i o n  Program (WFP) i s  conducted by the  P a c i f i c  Northwest Laboratory  

(PNL), operated by E ia t te l l e  Memorial I n s t i t u t e  f o r  t h e  Department o f  Energy (DOE). 

t h i s  program, PNL i s  conduct ing research t o  conver t  h igh- eve1 r a d i o a c t i v e  waste t o  stable,  
nondispers ib le  forms.. Canididate waste forms inc lude  s i 1  ca te  glasses and var ious 
c r y s t a l l i n e  and m u l t i b a r r i e r  waste forms. 

t h e  government and users o f  t h e  technology can cooperate o e f f e c t i v e l y  handle nuc lear  

waste. Object ives o f  t he  comprehensive program inc lude:  the  development and char- 

a c t e r i z a t i o n  o f  g lass  formulat ions;  equipment and process development; and design, con- 

s t ruc t i on ,  and demonstration o f  f u l l - s c a l e  process equipment. The f o l l o w i n g  sect ions 
descr ibe research arid development a c t i v i t i e s  i n  r a d i o a c t i v e  waste f i x a t i o n  f o r  t he  pas t  

q u a r t e r l y  r e p o r t i n g  per iod.  

Under 

The WFP i s  des gned t o  be a means through which 

1 



SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose o f  t h i s  task is t o  develop processes and equipment fo r  convert- 
ing l iquid high-level radioactive waste i n t o  a stable,  re la t ive ly  nondispersible 
f o m  f o r  storage and, ult imately,  disposal. 
accomplished by the development of a two-step approach--calcination or concentra- 
t i o n  followed by melting t o  form a borosil icate glass. 

This purpose is generally being 

JOULE-HEATED CERAMIC MELTER - C. C. Chapman and J. L. B u e l t  

The l i q u i d - f e d  ceramic me l te r  has been a t  m e l t i n g  temperature f o r  seven months. This  
q u a r t e r ' s  a c t i v i t i e s  have involved s imulated Hanford and Savannah River  wastes and the  
d i r e c t  conversion o f  l i q u i d  waste i n t o  glass. 

Hanford rad ionuc l i de  removal process, we f i l l e d  f o u r  9 - f t  can is te rs  w i t h  15,000 l b  o f  

melted glass over an 86-hr per iod.  

6500 l b  o f  glass. 
have been success fu l l y  processed. 

Using a s imulated c a l c i n e  waste from t h e  

Other defense waste demonstrations have produced 

I n  l i q u i d  feed ing  t e s t s ,  730 R o f  s imulated l i q u i d  power r e a c t o r  wastes 

I n  add i t i on ,  progress cont inues on the  cons t ruc t i on  o f  a ceramic me l te r  t h a t  i s  t o  be 

coupled t o  t h e  f u l l - s c a l e  spray ca l c ine r .  

l abo ra to ry -sca le  me l te r  t h a t  w i l l  be used f o r  smal l -sca le t e s t i n g  purposes. 

The design process i s  a l so  con t inu ing  on t h e  

DEVELOPMENTAL SPRAY CALCINER - W .  J. Mikols  and L. S. Romero 

Progress t h i s  qua r te r  was marked by complet ion o f  seven developmental spray c a l c i n e r  

These runs success fu l l y  demonstrated t h e  spray c a l c i n e r ' s  a b i l i t y  t o  d r y  severa l  runs.  
types o f  l i q u i d  feed so lu t i ons .  Supercalcine, Rockwell Hanford Operations (RHO) defense 
waste ca lc ine,  and Savannah R ive r  P l a n t  (SRP) defense waste c a l c i n e  are among those pro-  
duced. Other s i g n i f i c a n t  s tud ies  included: 

atomizat ion,  and 2) cont inued measurements o f  ruthenium v o l a t i l i t y .  
1) a t e s t  w i t h  an ex te rna l  nozz le us ing  steam 

IN-CAN MELTING - H. T. B l a i r  

M e l t i n g  r a t e s  o f  50 kg/hr,  70 kg/hr, and 90 kg/hr were demonstrated t h i s  qua r te r  i n  
the  f u l l - s c a l e  in-can me l te r  (ICM) f o r  12-in.-, 16-in.-, and 20- in.-dia cans, respec- 

t i v e l y .  
o f  t he  can complete ly  w i t h i n  the  furnace, and use o f  a new can con f igu ra t i on .  

The f u l l - s c a l e  I C M  was mod i f i ed  t o  demonstrate bottom support  o f  t he  can, l o c a t i o n  

A m e l t i n g  r a t e  of 70 kg/hr was susta ined f o r  over 5 h r  i n  a 16- in . -d ia  can con ta in ing  
e i g h t  r a d i a l  heat t r a n s f e r  f i n s .  
furnace and mainta ined a t  1O7O0C f o r  the m e l t i n g  demonstration. 

s t r a t i o n ,  t he  f u l l - s c a l e  I C M  system was mod i f i ed  t o  pe rm i t  demonstrat ion and eva lua t i on  o f  

severa l  s i g n i f i c a n t  new innovat ions i n  the I C M  concept. 

The can was suspended i n  the  f u l l - s c a l e ,  mul t izone I C M  

Fo l l ow ing  t h i s  demon- 

F i r s t ,  t he  load c e l l s  and t h e  can suspension system were removed from t h e  top o f  t h e  

furnace, and the load c e l l s  were l oca ted  beneath the  p l u g  i n  the  bottom o f  t h e  furnace. 
This  enabled t h e  cans t o  be supported from t h e  bottom and t h e  load c e l l s  t o  be l oca ted  

where they  would n o t  be overheated. A new can c o n f i g u r a t i o n  was introduced. 

are r i g h t - c i r c u l a r  c y l i n d e r s  w i t h  f l a t  tops and bottoms. 
These new cans 

There are no ears o r  b a i l s  on 
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them. 
cans are handled by engaging a plug, which has a bail on it, into the twistlock. 
are 7 ft tall; when they are set on the plug in the bottom of the furnace the top of the 
can is 4 in. below thle top of the heated chamber of the furnace. 
locks into the mouth of the can was fabricated to convey the batch through the top of the 
furnace into the can. 

The openings in the top centers of the cans are designed for twistlock closure. The 
The cans 

A water-cooled spout that 

With this new 1C:M arrangement, two melting runs were made using cans with radial heat 
transfer fins designed to increase heat transfer into each can while occupying no more than 
10% o f  the can's volume. A melting rate of 50 kg/hr was easily sustained,and a 60 kg/hr 
rate was demonstrated in a 12-in.-dia can containing 10 fins of equal length. A melting 
rate o f  90 kg/hr was demonstrated in a 20-in.-dia can containing 16 fins of special con- 
figuration. 
applications. 

These can designs are being evaluated for defense waste vitrification 

FLUIDIZED-BED C A L C I N P S  - J. C. Hart1 

This quarter's progress comprises three significant developments: 

Defense-type wastes have been successfully calcined. 

Feed rates of 72 illhr have been demonstrated with the present fluidized-bed calciner, 
and operation at over 100 Il/hr seems possible. 
rate of 250 to 300 Iljhr-ft of bed. 

Atomizing air ra.tes have been reduced to one-fourth those previously used, signifi- 
cantly reducing the volume of noncondensible off gas. 
ing air may not be required at all. 

The fluidized-bed calciner is being modified so that it can ,operate at approximately 

This corresponds to a specific feed 
3 

It is even possible that atomiz- 

100 R/hr. 
bration of some instrumentation. The unit is expected to be in operation by early November. 

The modifications include changes to the oxygen and kerosene systems and recali- 

CANISTER DEVELOPMENT PROGRAM - S. C. Slate 

This quarter we began a series of full-scale canister demonstrations using both in-can 
melter (ICM) and continuous melter (CM) systems. 
system we filled ten 12-in.-dia canisters and two 16-in.-dia (304L stainless steel) canis- 
ters. 
Eight carbon steel canisters were filled by the continuous melter. These canisters, which 
were 10 ft tall and ranged in diameter from 16 in. to 36 in., were the first full-sized 
canisters to be filled by this process. 

In a 10-day continuous run of the ICM 

These canisters have a twist-lock closure and were designed for bottom support. 

Our analytical work has proceeded very well this quarter. We have developed a new 
transient thermal computer model of a canister and have analyzed its thermal performance in 
several different environments. We have also used this model to evaluate a variety of 
internal fin designs. 
strated in full-scale canisters. 

Nine different fin designs have been fabricated and will be demon- 

3 



The scope of the s t ress  analys is  work was expanded t h i s  quar ter .  We have a lso 

extended our c a p a b i l i t i e s  t o  i nc lude  some new a n a l y t i c a l  t oo l s .  Some o f  t he  important 
areas o f  work and accomplishments t h i s  qua r te r  are sumnarized below: 

Wall th icknesses have been es tab l i shed  for  both I C M  and CM can is te rs .  

The high-temperature creep t e s t s  o f  t he  304L s t a i n l e s s  s t e e l  and Inconel-601 have been 
completed. 

A large-scale c a n i s t e r  creep t e s t  has been performed, and the r e s u l t s  analyzed. ( 1 )  

The subcool ing method o f  reducing r e s i d u a l  s t ress  i n  g lass can is te rs  was demonstrated 

on lab-scale canis ters .  

A t he rma l -s t ruc tu ra l  and f r a c t u r e  mechanics ana lys i s  o f  the t w i s t - l o c k  c a n i s t e r  c l o -  

sure system was made. 

A r e p o r t  e n t i t l e d  "High-Level Radioact ive Waste Glass and Storage Canis ter  Design" was 
re leased t h i s  quar ter . (2)  This r e p o r t  descr ibes the  design and eva lua t i on  a c t i v i -  
t i e s  a t  P a c i f i c  Northwest Laboratory  concerning waste g lass and canis ters .  

EFFLUENT STUDIES - M. S. Hanson 

This quar te r  we completed, tested, and operated a common e f f l u e n t  system f o r  use by 

The a l l  nonradioact ive c a l c i n e r s  and me l te rs  i n  the  engineer ing development laboratory .  
e f f l u e n t  t r a i n  inc ludes a v e n t u r i  scrubber, a downdraft tube and s h e l l  condenser, a packed- 

bed scrubber, a m i s t  e l im ina to r ,  and a HEPA f i l t e r .  The system has been success fu l l y  oper- 
ated a t  spray c a l c i n e r  feed r a t e s  o f  over 200 U h r .  The system prov ides f o r  f u t u r e  i n s t a l -  

l a t i o n  o f  f i s s i o n  product adsorpt ion beds and n i t r o g e n  oxide c o n t r o l  devices. 

I n  add i t i on ,  we have s e t  up and operated e f f l u e n t  c h a r a c t e r i z a t i o n  equipment on the  
nonradioact ive e f f l u e n t  t r a i n .  This equipment inc ludes a c l a s s i c a l  aerosol  s c a t t e r i n g  

spectrometer and a gas chromatograph. 



SECTION 2 - WASTE FORM CHARACTERIZATION 

The purpost? of waste form characterization i s  t o  measure the properties of 
candidate so l id i f ied  products and containers ( so l id i f ied  waste and canis ter)  as 
functions of composition, processing parameters, and storage conditions. The 
measurements are used to:  l 1  ensure operabili ty of the v i t r i f i c a t i o n  processes 
and 21 provide thtu f o r  sa fe ty  analyses of high-level waste management. 
ult imate goal of waste characterization is t o  characterize the physical and chem- 
i c a l  properties of the waste fonns so thoroughly tha t  when they are placed i n  
retr ievable  stoiaage, and la ter  i n  a f i n a l  disposal s i t e ,  we may be f u l l y  confi-  
dent tha t  t h e i r  behavior is understood and that  any changes or interactions with 
t h e i r  environments are wholly predictable. 

The 

GLASS DEVELOPMENT - E.  T. Sherman 

A waste g lass f o r  t he  PW-7c-1 waste has been developed. We repor ted l a s t  qua r te r  t h a t  
me l t  77-123 had been se lected as the  g lass best  s u i t e d  f o r  waste PW-7c-1. 

o f  t h a t  mel t  has s ince been changed t o  improve res i s tance  and decrease d e v i t r i f i c a t i o n .  
The new waste glass f o r  PW-7c-1 i s  77-260. I t s  composi t ion i s :  

The composi t ion 

Si02 36 w t %  A1203 2 w t %  

Na20 8 w t %  T i02 6 w t %  

9 w t %  CUO 3 w t %  B2°3 
CaO 1 w t %  PW-7c-1 33 w t %  

2 w t %  K2° 
Melt  77-260 should be e a s i l y  processed, s ince i t s  v i s c o s i t y  i s  30 poise a t  115OoC, 
90 poise a t  1O5O0C, and 365 poise a t  95OoC. 

The composi t ion o f  77-260 was va r ied  t o  show the e f f e c t  o f  composi t ional  v a r i a t i o n s  

upon the  homogeneity and leach r a t e s  o f  t he  v i t r e o u s  product.  

B203, Na20, CaO, K20, CuO, and T i02 were va r ied  p l u s  o r  minus a few percent  t o  
s imulate poss ib le  frit inconsis tenc ies.  F igu re  1 shows the  e f f e c t s  o f  these composi t ional  
changes on leach losses and homogeneity. The r e s u l t s  show t h a t  B203 and Na20 must be 

t h e  most c a r e f u l l y  con t ro l l ed ,s ince  too  much of e i t h e r  can cause h i g h  leach r a t i o s ,  and t o o  
little can cause low viscosity. Variation o f  other oxides has very little effect upon the 

p r o p e r t i e s  o f  the glass w i t h i n  the ranges tested. 

The concentrat ions o f  

Cadmium may be s u b s t i t u t e d  f o r  Gd as a so lub le  neutron poison du r ing  reprocessing. We 
made a glass s i m i l a r  t o  77-260 i n  which Cd was s u b s t i t u t e d  f o r  Gd. This glass was f l u i d ,  
homogeneous, and e x h i b i t e d  low leach losses o f  0.12 w t %  a t  pH 9 (16-hr t e s t  a t  25OC), 
0.18 w t %  a t  pH 4 (19-hr t e s t  a t  25'C), and 0.45 w t %  i n  a Soxhlet  apparatus (24-hr t e s t  a t  
99OC). 

ENVIRONMENTAL REACTIONS OF WASTE GLASS - J. H., Westsik, Jr. 

Comparison o f  Long-Tei-m Leach Rates f o r  Common M a t e r i a l s  

Since t h e  long-term, room-temperature leach t e s t  i s  used f requen t l y  t o  evaluate waste 
glasses, i t  was des i rab le  t o  compare severa l  common m a t e r i a l s '  d u r a b i l i t i e s  i n  the  same 

leach t e s t .  S i m i l a r  comparison t e s t i n g  us ing  t h e  Soxhlet  t e s t  was repo r ted  i n  prev ious PNL 
documents. (3,4) 
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FIGURE 1. Long-Term Leach Rates o f  Comnon M a t e r i a l s  

Samples o f  Pyrex glassware, b o t t l e  glass and g r a n i t e  were subjected t o  mod i f i ed  

I A E A  long-term leach t e s t  procedure. (5) 
leachant was monitored t o  determine the  leach ra tes .  
t e s t s  along w i t h  the leach r a t e  o f  72-68 [Pw-4b-6(1:2.8)73-1] g lass based on cesium behav- 

i o r .  

Leach Rates o f  Bulk vs Powdered Glass 

g lass composi t ion have been observed. ( a ) ( 6 )  

(HLW) g lass 72-68 were determined us ing  -42+60 mesh granules; 

g lass leach r a t e s  were measured us ing a d i sk  o f  t he  glass.  

about a hundred t imes h ighe r  than simulated g lass leach rates.  

leached f a s t e r  because o f  r a d i a t i o n  o r  because o f  t he  sample con f igu ra t i on .  
i l l u s t r a t e s ,  the d i f f e r e n c e  i s  ma in l y  due t o  the sample form. Leach r a t e s  o f  72-68 glass 

Sodium concen t ra t i on  i n  the  deionized water 
F igu re  2 shows t h e  r e s u l t s  o f  these 

The waste g lass has d u r a b i l i t y  s i m i l a r  t o  t h a t  o f  g r a n i t e  and Pyrex glass.  

Discrepancies between long-term leach r a t e s  o f  bu l k  and powdered samples o f  t he  same 
Leach r a t e s  f o r  s imulated h igh - leve l  waste 

F u l l - l e v e l  leach r a t e s  were 

f u l l y  r a d i o a c t i v e  waste 

This qua r te r  we completed an experiment t o  determine whether the f u l l - l e v e l  g lass 
As F igu re  2 

( a )  Comparison o f  F igures 31 and 32 w i t h  F igu re  60 i n  BNWL-2252 revea ls  t h i s  phenomenon. 
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-- FIGURE 2. Long-Term Leach Rates f o r  72-68 Glasses 

are shown f o r  -42+60 mesh samples and c o r e - d r i l l e d  samples taken from t h e  same p iece o f  

glass. The cored sample leaches f a s t e r  by two orders o f  magnitude. 

T h e o r e t i c a l l y ,  the powder should leach f a s t e r  because o f  l a r g e  pH increases i n  the  

i n t e r s t i t i a l  so lu t i on .  Apparent ly,  some undetermined chemical and phys i ca l  phenomena are 

o v e r r i  d ing the  expected e f f e c t .  

LEACH RATES AT HIGH TEMPERATURES AND PRESSURES - J. H. Westsik, Jr .  

Th is  qua r te r  we completed leach t e s t s  f o r  var ious m a t e r i a l s  i n  a s a l t  s o l u t i o n  a t  

25OoC and 1000 p s i .  Dur ing the 72-hr exposure pe r iod  we measured weight loss t o  evaluate 
the  d u r a b i l i t y .  The d'ata shown i n  Table 1 reveal  t h a t  o f  a l l  m a t e r i a l s  sampled t h e  t h r e e  
meta ls  have the  h ighes t  apparent d u r a b i l i t y ,  a l though t h e  l eng th  o f  exposure was not  l ong  
enough t o  show the  t r u e  co r ros ion  behavior o f  t h e  metals.  
ceramics and glasses f a l l  w i t h i n  a narrow range. 

the  s imulated HLW glasses and t h e  non i r rad ia ted  l i g h t - w a t e r  r e a c t o r  (LWR) f u e l  p e l l e t  are 

a t  l e a s t  as durable i n  the  s a l t  s o l u t i o n  as i s  the Na t iona l  Bureau o f  Standards (NBS) boro- 
s i l i c a t e  glass 717. 

The d u r a b i l i t i e s  o f  t h e  var ious 

Wi th in  the  l i m i t s  o f  exper imental  e r r o r ,  

The soda- l ime-s i l i ca  g lass (NBS 710) had t h e  h ighest  leach ra tes .  

We a lso conducted a s e r i e s  o f  t e s t s  t o  evaluate t ime  e f f e c t s  on the  d u r a b i l i t y  o f  

waste glasses. 

f o r  per iods o f  3, 7, 14, and 21 days. 
glass reaches a maximum weight loss w i t h  no f u r t h e r  losses a f t e r  two weeks o f  leaching. 

Samples o f  76-68 glass were submerged i n  s a l t  b r i n e  a t  25OoC and 1000 p s i  

The r e s u l t s ,  as shown i n  F igu re  3, i n d i c a t e  t h a t  t h e  
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TABLE 1. Autoclave Salt Solution Leach Test Results(a) 

Sample 

Soda-1 ime-si 1 ica 
glass NBS 710 
72-68 
[Pw-4b-7( 1 :2.8)73-11 
Granite 
Borosilicate glass 
NBS 717 

[Pw-8a-3( 1 :2)76-1011 
A1 umi na 
Nonirradiated LWR 
fuel pellet 
Carbon steel 
Inconel-601 
304L stainless steel 

76-68 

Initial 
Weight, 9 

6.1959 

- 6.7115 
3.0511 

5.1363 

6.9617 
2.2770 

9.4882 
17.5736 
19.0522 
9.2820 

Geometric 
Surf ace 
Area, cm 

10.29 

8.93 
'5.795 

10.12 

9.88 
4.32 

5.44 
12.64 
12.82 
10.57 

Weiqht Loss 
Percent qlcml-day 

1.56 3.1 x lom3 

0.29 7.2 x 

0.36 6.4 x lom4 

0.31 5.2 x lom4 

0.07 1.6 x 
0.088 1.5 x 

0.025 1.5 x lom4 
0.02 7.4 
0.01 4.2 
0.01 4.1 

(a) 72-hr tests done at 25OoC and 1000 psi. 

1 2 3 4 5  10 15 

DAYS 

20 

FIGURE 3. Chemical Durability of 76-68 Glass in Salt Brine at 250OC and 1000 psi 

To date, autoclave testing indicates that higher temperatures accelerate waste glass 
corrosion. 
HLW glasses appear to achieve a chemical stability in the salt solution. 

However, through reabsorption reactions or the achievement of equilibrium, the 
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THERMAL EFFECTS UPON STORED GLASS - J. H. Westsik, Jr. 

We have begun long-term anneals f o r  g lasses 77-107 [PW-9-3( 1 :2)77-2681 and 77-260 

[Pw-7c-3( 1:2)77-2691. 
g ives the  compositicin f o r  each of these two glasses; t he  anneal ing temperatures and t imes 

Waste glass 77-107 was melted a t  115OoC before storage. Table 2 

are shown i n  Table 3. A f t e r  the g lass samples ha 
they  w i l l  be air-quenched and t e s t e d  f o r  densi ty,  

PHASE BEHAVIOR - R. P. Tu rco t te  and J. W. Wald 

Studies were performed t h i s  qua r te r  t o  quant 

and c r y s t a l l i z a t i o n  f o r  t he  reference g lass 72-68 

e been s to red  f o r  the times ind icated,  
leach rates,  and phase behaviors. 

f y  the  r e l a t i o n s h i p  between c o o l i n g  r a t e  

and the  g lass 76-68. It was found t h a t  
the two glasses vary s i g n i f i c a n t l y  w i t h  respect  t o  d e v i t r i f i c a t i o n  upon cool ing.  
76-68 glass can wi thstand coo l i ng  r a t e s  as slow as 6'C/hr f rom the  processing temperature 

w i thou t  s i g n i f i c a n t  increase i n  c r y s t a l l i n i t y ,  g lass 72-68 must be cooled a t  a r a t e  o f  

about 50°C/hr o r  more t o  prevent c r y s t a l l i z a t i o n .  
76-68 composi t ion should be m r e  su i tab le .  

While the 

Thus, f rom a process standpoint ,  t he  

I n  add i t i on ,  f o u r  f u l l y  r a d i o a c t i v e  waste glasses o f  f o u r  d i f f e r e n t  rep resen ta t i ve  

compositions were prepared from f u l l - l e v e l  ca lc ine,  and have been produced i n  v i t r e o u s  and 
d e v i t r i f i e d  condi t ions.  To t h i s  po in t ,  o p t i c a l  examination has i nd i ca ted  t h a t  the glasses 

behave e x a c t l y  as t h e i r  nonradioact ive counterpar ts  do under s i m i l a r  condi t ions.  

BULK AND THERMAL PROPERTIES OF WASTE GLASS - G. B. Me l l i nge r  

The d e n s i t i e s  o f  76-68 and 77-260 glasses were measured as a f u n c t i o n  o f  temperature 

f o r  temperatures ranging from 950' t o  13OO0C. 

i n g  the bouyant forcls exerted on a 2-cm p la t i num c y l i n d e r  suspended i n  the  molten 
glass.  Using the dens i t y  data, we were able t o  develop c o e f f i c i e n t s  o f  thermal expansion 

(CTE) f o r  these ma te r ia l s  i n  t h i s  temperature range. F igu re  4 graphs the r e l a t i o n s h i p  o f  
temperature t o  the  d e n s i t i e s  and CTEs o f  these glasses. 

The measurements were made by determin- 
3 

A p r e l i m i n a r y  alpparatus f o r  measuring the  thermal c o n d u c t i v i t y  o f  molten g lass i s  
being constructed. 

i n  the  r a d i a l  mode. 
o f  g lass a t  temperatures up t o  13OO0C. 

the  e l e c t r i c a l  r e s i s t i v i t y  o f  molten waste glass.  

It w i l l  have a maximum temperature l i m i t  o f  1000°C and w i l l  measure 

We have ordered equipment t h a t  w i l l  measure the thermal c o n d u c t i v i t y  

We have a lso ordered instruments f o r  measuring 

THERMAL AND MECHANICAL SHOCK - L. R. Bunnel l  

Thermal Expansion 

This qua r te r  we completed work on a l a rge  number o f  waste glass samples taken from 

severa l  can is te rs .  
o f  4'C/min t o  the so f ten ing  po in t .  
received, c o r e - d r i l l e d  specimens 0.4 i n .  i n  d i a  and 0.25 t o  0.5 in .  long. I n  a l l  cases the  

d iametra l  expansion was measured. 

The thermal expansion measurements were taken i n  a i r  a t  a heat ing r a t e  
Except as noted, t he  measurements were made on as- 
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TABLE 2. Compositions o f  Glass 77-107 and Glass 77-260 

Glass 77-107 

Oxide w t %  
PW-9-3(2:1)77-268 

Rb20 

S r O  

'2'3 
Zr02 

Moo3 

Ru02 

Rh203 
P dO 

Ag20 

cs20 

CdO 

Te02 

B a0 

La203 
Ce02 

Nd203 

Sm203 

Eu203 

Gd203 

'3'8 

Fe203 

Cr203 
N i O  
Na20 

'2'5 

B2°3 
C a0 

T i02  

ZnO 

Pr201 1 

s io2  

K2° 

0.24 
0.70 
0.39 

3.23 

4.30 

2.15 

0.30 

1.15 

0.05 

0.08 

0.49 

1.94 

1.10 

1.03 

2.33 
1.04 

3.29 

0.65 
0.15 

0.08 

3.72 

0.87 

0.20 

0.08 
5.37 

0.39 

37.81 

12.93 

1.99 

2.99 

3.98 

4.97 

Rb20 

S r O  

'2'3 
Zr02 

Moo3 

Ru02 

Rh203 
P dO 

Ag20 

cs20 

CdO 

Te02 

B a0 

La203 
Ce02 

Pr601 1 

Nd203 

Sm203 

E'203 

Gd203 

'3'8 

Fe203 

Cr203 
N i O  

Na20 

'2'5 
Mn02 

Z r  f i n e s  
S i  O2 

B2°3 
CaO 

K2° 

A1203 
T i02  

CUO 

0.11 
0.29 

0.17 

1.50 

1.95 

0.86 

0.16 

0.49 
0.02 

0.03 

0.22 

0.79 

0.55 

0.45 

0.91 
0.44 

1.48 

0.33 

0.06 

10.31 

5.27 

1.21 

0.02 

0.01 

11.13 

2.35 

0.11 

0.10 

35.82 

8.95 

0.99 

1.99 

1.99 

5.97 

2.99 
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TABLE 3. Waste Glass Sample Storage M a t r i x -  
Thermal E f f e c t s  Studies 

Temperature, Storaqe Time 
L!!r OC 2 h r  1 Day 1 wk lyr 

1200 ,(a) 

1150 X 

1100 X 
1050 X 
1000 X 
900 
850 

800 

750 

700 

6 50 

600 
550 

500 

400 
300 

X X 

X X 
X X 

X X 

X X 
X X 

X X 

X X 

X X 

X 
X 

X 
X X 

X X 
X X 

X X 
X X 

X X X 
X X X 
X X X 

( a )  Each X represents  one sample s to red  a t  the  i n d i c a t e d  tempera- 
t u r e  and time. 

2.80 

rn 

5 

c- 
3; 2.75 
5 

- 
m 

n 

2.70 

400 loo0 1100 1200 1300 
TEMPERATURE, OC 

FIGURE 4. Dens i ty  of 76-68 and 77-260 Waste Glasses as a Func t ion  o f  Temperature 
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Table 4 sumnarizes the data, showing expansion coefficients (25°t04000C), the glass 
transition (T ), and the dilatometric softening point (TS). 
compile these parameters as a function of sample locations, and are intended to show trends. 

Figures 5a, 5b, and 5c 
g 

TABLE 4. Thermal Expansion Parameters 

Sample Location, 
in. from 

Canister Bottom 

ICM-16 2-3 
6 
12 
18 
25 
28-30 

ICM-18 0 
1 
6 
12 
18 
24 
28 

ICM-21 0 
6 
12 
18 
24 

I CM- 23 0 
6 
12 
18 
24 

I CM- 20 0 
6 
12 
18 
24 

Thermal Expansion 
Coefficient (25O to 4OO0C), 

CI x 10-6Pc 

8.27 
9.47 
8.48 
7.92 
8.40 
8.53 

9.33 
9.39 
8.67 
8.93 
9.07 
9.47 
10.53 

9.33 
8.80 
9.07 
8.85 
6.40 

9.60 
9.06 
10.0 
10.0 
9.47 

8.93 
8.35 
8.21 
8.40 
8.53 

G1 ass 
Transit i on 
Temper at ure 

520 
517 
535 
535 

(T,),oc 

(a) 
531 

G1 ass 
Softening 

Point ( Ts ) , 
OC 

590 
555 
570 
595 
573 
565 

515 545 
515 545 
520 552 
525 580 
515 555 
525 560 
(a) 550 

52 5 565 
525 565 
530 563 
527 560 
525 558 

525 625 
530 595 
533 575 
5 30 580 
525 595 

545 585 
545 585 
545 590 
545 585 
540 570 

(a) Indeterminate 
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FIGURE 5a. Thermal Expansion C o e f f i c i e n t  ( a )  f o r  F i ve  Glass Types as a 
Funct ion o f  Distance from Canister Bottom 
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0 ICM-16 
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ICM-23 

1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1  
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

DISTANCE FROM BOllOM, in. 

FIGURE 5b. Glass T r a n s i t i o n  Temperature (T ) f o r  F i ve  Glass Types as a 
Funct ion o f  Distance from Canisfer Bottom 

I n  t h e  case o f  In-Can Mel te r  (1CM)-16, t he  specimens were taken w i t h i n  0.5 in .  o f  t he  
c a n i s t e r  wa l l ,  so the  data may be in f luenced somewhat by thermal h i s t o r y  e f f e c t s .  
expansion c o e f f i c i e n t  ( a )  i s  h ighes t  i n  the  specimens taken 6 i n .  from the  bottom o f  t h e  
can is te r ,  and i s  q u i t e  cons is ten t  a t  o ther  loca t ions .  
decreases i n  both T and Ts, i n d i c a t i n g  a poss ib le  composi t ional  s h i f t  a t  t h i s  loca t ion .  

The 

The h igh  a i s  accompanied by 

9 
ICM-18 shows a gradual increase i n  a r e l a t i n g  t o  increased d is tance from the  c a n i s t e r  

bottom; Tg i s  constant w i t h i n  t h e  accuracy of the  measurements, and T, peaks sharp ly  12 i n .  
from the  can is te r  bottom. 
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FIGURE 5c. D i l a tomet r i c  Softening Po in t  (Ts) f o r  F i ve  Glass Types as a 
Funct ion o f  Distance from Can is te r  Bottom 

0 I CM-16 
- ICM-18 

0 ICM-20 
- O I C M - 2 1  

ICM-23 

The parameters f o r  ICM-20 were q u i t e  cons is ten t  throughout the  can is te r ,  wh i l e  ICM-21 

showed an abnormally low thermal expansion a t  t h e  top  o f  t h e  can, most l i k e l y  represent ing  
a r e a l  composit ion change. ICM-23 was q u i t e  v a r i a b l e  and showed a l a rge  change i n  T, t h a t  
i s  no t  r e f l e c t e d  i n  the  o ther  two parameters. Since ICM-20, -21, and -23 were a l l  sampled 
a t  random r a d i a l  loca t ions ,  thermal h i s t o r y  v a r i a t i o n s  again might be l a r g e l y  respons ib le  

f o r  t he  changes noted. 

Impact T e s t i n g  

The impact t e s t i n g  done t o  date has u t i l i z e d  a machine capable o f  d e l i v e r i n g  a maximum 
of 160 f t - l b .  

and since a damage l i m i t  might be expected a t  h igh  energies, the  impact energy was 
increased an order o f  magnitude. This was done by mounting the  impact punch, t e s t  specimen 
and d i e  on the  bottom o f  a 100-lb weight and dropping i t  onto a s t e e l  p la te .  

e s t a b l i s h  a t i e  p o i n t  w i t h  data f rom t h e  impact machine, t he  f r e e - f a l l  weight was tes ted  a t  

an i d e n t i c a l  drop he igh t  and energy. Data are presented i n  F igure  6 which show t h a t  the  
p a r t i c l e s  generated i n  f r e e - f a l l  impacts are somewhat f i n e r ,  i n d i c a t i n g  t h a t  t he  energy i s  
de l i ve red  t o  the  specimen more e f f i c i e n t l y  i n  the  f r e e - f a l l  apparatus. 

Since the  impact borne by the  glass i n  a f a l l i n g  c a n i s t e r  i s  much higher,  

I n  order t o  

The f r e e - f a l l  impactor was used t o  d e l i v e r  1400 f t - l b  o f  energy t o  s i x  specimens-- 
t h ree  o f  ICM-11 glass, and th ree  o f  soda- l ime-s i l i ca  glass. 

F igure  6. 

more severe i n  the  higher-energy case. 

p rov ide  a b e t t e r  equat ion f o r  t he  r e l a t i o n s h i p  between sur face  area and impact energy. To 
the  previous l i m i t s  o f  t he  energies used, t he  r e l a t i o n s h i p  has been q u i t e  l i n e a r .  

These data are a lso  shown i n  
They i n d i c a t e  t h a t  a s a t u r a t i o n  l i m i t  has been reached and t h a t  t he  damage i s  no 

Surface area r e s u l t s  are expected sho r t l y ,  and w i l l  

I n  order t o  p rov ide  comparative impact data on a more recent  glass composit ion than 

the  ICM-11 used prev ious ly ,  specimens from ICM-23 were impacted recen t l y .  Resul ts are 
p l o t t e d  i n  F igure  7, and inc lude ICM-11 and soda- l ime-s i l i ca  data f o r  comparison. The 
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FIGURE 6. P a r t i c l e  Size Produced by 160 f t - l b  and 1400 f t - l b  Impacts Made by 
Free-Fal l  on Soda-Lime-Sil ica and ICM-11 Glasses 
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FIGURE 7. P a r t i c l e  Size Produced by 1600 f t - l b  (Machine) Impacts f o r  
Soda-Lime-Silica, ICM-11, and ICM-23 Glasses 

ICM-23 shows a somewhat poorer impact behavior than does ICM-11, e s p e c i a l l y  i n  regard t o  

product ion o f  f i n e s .  This might  be a t t r i b u t e d  t o  the  h igher  Si02 content  i n  ICM-23 (38% 
vs 2.25% f o r  ICM-11). I n  t h e  pas t  we have found h i g h  s i l i c a  content  t o  c o r r e l a t e  w i t h  h igh  
impact damage; fused s i l i c a  i s  the worst  performer t e s t e d  thus f a r .  
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VAPORIZATION STUDIES - W. J. Gray 

This qua r te r  we began vapor i za t i on  s tud ies  f o r  76-68 glass. F igure 8 i s  an Arrhenius 

p l o t  and a l so  shows data f o r  two other  glasses f o r  comparison. 

given i n  Table 5 .  

Glass compositions are 
A d d i t i o n a l  data f o r  t he  two other  glasses were publ ished e a r l i e r . ( 7 y 8 )  

O f  the waste ma te r ia l s  we have studied, glass 76-68 i s  the f i r s t  t o  show a nonl inear  

Arrhenius p l o t .  Actual ly ,  l i n e a r  behavior seems u n l i k e l y  f o r  such complex systems. Per- 
haps because cesium i s  by f a r  t he  dominant vapor species, it u s u a l l y  overr ides everyth ing 

e l s e  and gives r i s e  t o  the  l i n e a r  Arrhenius p l o t s .  
losses o f  the th ree  glasses f o l l o w  the  same order  as do t h e i r  cesium concentrat ions,  sug- 

ges t i ng  another man i fes ta t i on  o f  t h e  dominance o f  cesium v o l a t i l i t y  i n  r e l a t i o n  t o  a l l  

o ther  t e s t e d  elements. 

F igu re  8 shows t h a t  t he  r e l a t i v e  weight 

TEMPERATURE, OC 

I I I 

6.5 7.0 1.5 8.0 8.5 9.0 9.5 10.0 

1 0 ~ 1 ~ .  tw-l 

FIGURE 8. Weight Loss A f t e r  12 h r  i n  Dry A i r  
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Constituent 
Glass frit 

'2'3 
Na20 
MgO 

*lZ03 
Si02 

C a0 
Ti02 
CUO 
ZnO 
SrO 
BaO 

K2° 

Inerts 
Na20 

'2'5 
Cr203 
Fe203 
NiO 

Gd203 
Fission products 
Rb20 
SrO 
Zr02 
Moo3 
Ru02 

Rh203 
PdO 

Ag20 

cs20 

CdO 
Te02 

6 a0 
Y+RE203 

TABLE 5. Waste Glass Compositions 

Nominal Concentration, wt% 
72-68 76-183 76-68 

11.30 
4.12 
1.50 
-- 

27.71 
4.12 
1.50 
-- 
-- 

21.64 
1.50 
1.50 

-- 
0.44 
0.23 
1.00 
0.09 
-- 

0.23 
0.70 
3.28 
4.29 
1.97 
0.32 
0.98 
0.06 
0.06 
0.48 
1.91 
1.04 
8.03 

9.50 
8.00 
-- 

1 .oo 
35.50 
2.0 
2.00 
6.00 
3.00 
-- 
-- 
-- 

3.64 12.80 
3.36 0.51 
0.19 0.44 
1.60 10.34 
0.56 0.21 
5.49 -- 

0.19 
0.56 
2.62 
3.38 
1.57 
0. 16(a )  
-- 
0.05 
0.05 
0.39 
1.53 
0.83 
6.85 

0.13 
0.40 
1.88 
2.42 
1.13 
0.18 
0.56 
0.03 
0.04 
0.28 
1.09 
0.59 
7.76 

(a) Co substituted for Rh. 
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES 

m e  goal of t h i s  task i s  t o  develop a l t e m t i v e  waste f ixa t ion  procedures 
tha t  w i l l  serve as viable backup processes. 
al ternat ive  processes and products are t o  be compared t o  those of the current 
reference process and product--silicate glass castings i n  large metal canis- 
ters .  These al ternat ive  processes are being developed on the laboratory scale. 
In  the concept currently emphasized the waste i s  formed i n t o  small granules or 
p e l l e t s  that  are coated with nonradioactive, i n e r t  materials t o  provide contain- 
ment and leach resistance. !l'he coated waste shapes are then incorporated i n t o  a 
metal matrix that  provides impact resistance and increased thermal conductivity. 

Cost and safety  factors  of the 

GLASS MARBLE DEVELOPMENT - J. M. Rusin 

Figure 9a illustrates the reaction zone observed in Pb-encapsulated waste glass mar- 
Energy dispersive analysis showed that bles that were heat-treated at 3OO0C for 10 days. 

the zone contained only Pb. 
reaction zone is probably an oxide of Pb. 

As there is a 40 urn gap between the marble and the matrix, the 

The reaction zone is much more complex for the Pb-encapsulated waste glass marbles 
heat-treated at 5OO0C for 10 days. 
ure 9b. 
rare earths. The lighter areas have a high Pb content (probably lead oxide), whereas the  

rest of the reaction zone contains both Pb and elements contained in the glass. 

At least two phases are observed, as shown in Fig- 
The needle-like phase has a high Zn and Pb content, along with trace amounts o f  

FIGURE 9a,b. Reaction Zones in Heat-Treated Pb-Encapsulated 
Waste Glass Marbles 

The above results have only confirmed why a Pb-1OSn alloy has been selected. Previous 
experiments had shown that molten Pb would react with waste glass, but other studies demon- 
strated that even while molten at 5OO0C, a Pb-1OSn alloy will not react with waste glass. 
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SUPERCALCINE - G. J. McCarthy, The Pennsylvania State University 

The nature of the Penn State participation in the development of alternative waste 
forms and the Supercalcine concept has been described in previous reports. 
objectives of the Supercalcine Task include: 1) refinement of existing formulations for 
PW-4b and PW-7 wastes, 2) development of formulations for the high-sodium waste,PW-7a, 
3) determination of crystalline phase behavior of cesium, ruthenium, tellurium, palladium, 
rhodium, and the actinides in Supercalcine, and 4) consideration of the effects of 
rad i at ion and transmutat ion on Superca lc ine st abi 1 i ty. 

Some of the highlights of this quarter's work are listed below: 

We completed a comprehensive study on phase-pure CsA1Si04 and CsA1Si206 prepara- 
tion. 
temperatures, and found the optimum methods of preparing these phases. 

Current 

0 

In doing so, we surveyed 18 combinations of starting materials and four firing 

0 We completed a thorough literature review of crystal chemical and phase equilibria 
data on portions of the system U-Th-Ce-Zr-RE-0 relevant to the Supercalcine phases 
Fss and Tss. 
preparation for experimental studies on poorly represented areas o f  this system vital 
to defining phase behavior in Fss and Tss. 

We began a definitive study o f  ruthenium's role in the thermal stability of Supercal- 
cine. Volatilization weight losses normalized t o  surface area in 10% Ru-loaded SPC-2 
and fully loaded SPC-2 are being compared using TGA and static firings of varying 
durations. 

The articles and reports are now being studied and correlated in 

0 

The balance o f  this report will focus upon phase behavior in the developmental "dirty" 
(high-Na) Supercalcines 77-2 and 77-3 and in the PNL engineering-scale formulation SPC-4. 

Phase Behavior in High-Sodium Supercalcines 77-2 and 77-3 

tions.(') 
firings are listed in Table 6 below (in order of decreasing relative intensity in the 
diff rac tograms ) . 

Refer to the last report for the crystalline phase formation models of these formula- 
The phases observed by x-ray diffraction in the products of the routine air 

The new and unexpected phase occurring in the products of the 1000°C firings was 
tentatively identified as Na2U207 (PDF 26-973) by searching the Powder Diffraction 
File. 
rate solutions of Na and U and repeating the Supercalcine experimental conditions.(a) 

It is apparent that at lower temperatures Na combines with U to form the Na2U207 

We confirmed the identification by synthesizing the pure phase--starting with nit- 

phase, but at temperatures approaching llOO°C Na has a greater affinity for the alumino- 
silicate sodalite phase and U forms in the fluorite phase. Valence change accompanies 

(a) Also, a recent paper from ANL(lO) reports the routine preparation of Na2U207 
in air from Na2C02 + U20 at 8000 to 850OC. 
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TABLE 6. 

Air-Firing 
Conditions 

0.5 in. pellets 
at 1000°C for 2 hr 

0.5 in. pellets 
at llOO°C for 2 hr 

Phases Observed by X-ray Diffraction in 
Air-Firing Products from High-Sodium 
Supercalcines 

Supercalcine(a) 
77-2 77-3 

S-Fss (5.368) S-Na2U207 

MS-Soss S-Mss 
M-Na2U207 S-SO,, 

MW-T MW-Tss 
MW-P MW-F,, (5.371) 

VS-Fss (5.361) S-Fss (5.361) 

M-MSs M-SoSs 

w-P 

s-soss MS-Mss 

M-Tss MW-TSs 
w-P W-Na2U207 

(a) Phases rated in order of decreasing relative intensity in the 
diffractograms: 
Phases are abbreviated as follows: 

S = strong, M = medium, W = weak, V = very. 

Fss 
3+ = Fluorite [(U,Ce,Zr, Re ...)02+x] 

= Sodalite [ ( Ca,Sr,Ba)2_x[NaA1Si04] 

= Monazite [REP04] 
(MOO4 2-x 1 

Mss 

pss 

TSs = Tetragonal 
Zirconia [(Zr,...)02+x] 

= Pollucite [(Cs,Rb,Na)A1Si2061 

these phase changes, since U is hexavalent in Na2U207 but is predominantly tetravalent 
in Fss. We expect that the U (and associated Pu) in this Na2U207 would be more 
leachable than U in Fss, so crystallization of this phase should be avoided by using the 
higher firing temperatures. 

X-ray analysis of the specimens that were used in the 14-day Soxhlet leaching tests 
did not show any changes in phase assemblages or any reduction in the intensities of 
reflections that would be expected if a phase or phases were being preferentially leached. 
The products of the 21-day, 8OO0C thermal stability tests showed increased crystallinity, 
as would be expected, but no changes in x-ray phase assemblage. 

Phase Formational Model for Supercalcine SPC-4 

A spray calciner run of a PW-7-based Supercalcine SPC-4 was performed at PNL this 
spring. The phase formation model of SPC-4 is shown in Table 7. 

CORE AND GLASS FRIT COATING - J. M. Lukacs and C. B. Ruhter 

This quarter spray calcined SPC-4 powder was agglomerated by the disc pelletizer into 
spherical pellets 4 mn to 15 mn in dia using water as binder. Pellet green strength was 

20 



PW-7 Ions, 
m o  1 

257 (RE + Ce)(a) 

100 [PO4] 
100 RE 

106 Zr 

54 Ba+Sr 
95 Mo 

54 cs 
10 Rb 
10 Na 

100 Fe 
12 Cr 
5 Ni 

6 Ru 
2 Cd 
2 Ag 

TABLE 7. Phase Formation Model of SPC-4 

Additives, 

32.1 Ca2REg(Si04)602,iASs] 64 Ca 
193 Si 

Desired Phase, mmol mmo 1 

100 REPO4,[MsS] -- 

106 Tetragonal-ZrO2,[TSS] -- 
-- 

95 (Sr ,Ba)MoO4, CSssI 41 Sr 

74 (Cs,Rb,Na)Al Si206, [ P] 128 Si 

in Ru02 and Ass 

(a) Some Ce and RE are expected to crystallize with Zr in a Fss 
If SPC-4 is fired in an inert phase during firings in air. 

or reducing atmosphere, the Fss phase may not crystallize. 

sufficient to withstand handling and transfer steps with minimal breakage. 
123OOC for 2 hr produced dense, hard pellets with a bulk packing density of 2.36 to 
2.44 kg/E. 

After drying, the coatings were vitrified by placing the pellets in a 1000°C furnace for 
5 minutes. 

Sintering at 

Nine kilograms of sintered pellets were processed. 

One liter o f  sintered pellets was manually coated with a glaze s l i p  (Ferro CM-850). 

Dusting of the fine Supercalcine powder has been a recurrent problem with 
the disc pelletizer. 
use o f  a dust collector has greatly reduced process dusting. 

The installation of a hood over a portion o f  the pelletizer and the 

CHEMICAL VAPOR DEPOSITED' COATINGS - M. F. Browning(a) 

The application of a Si02 coating was tested as a method of preventing oxidation of 
the PyC precoat, as occurs when A1203 coatings are applied because of the C02 reactant 
employed. 
involves an essentially nonoxidizing environment, was successfully accomplished without 
loss to the PyC layer. 

Silicon dioxide coating by the pyrolysis of tetraethyorthosilicate, which 

Unfortunately, the coatings could not be made sufficiently 

(a) Battelle, Columbus Laboratories 
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pro tec t i ve ,  even when appl ied a t  1000°C t o  th icknesses o f  90 pm. 

crack dur ing the o x i d a t i o n  t e s t  a t  75OoC, bu t  appeared t o  con ta in  some surface-connected 

po ros i t y .  

The coat ings d i d  no t  

The A1203 and Si02 coa t ing  systems were then combined i n  an at tempt t o  prepare 

P a r t i c l e s  (SPC-2, 3- t o  5-nun, heated f o r  6 h r  a t  1125OC 
dual coat ings i n  a drum coater.  
o f  a S i O 2 / A l 2 O 3  coat ing.  
i n  a i r )  were coated w i t h  40 pm o f  PyC, 1.16 pm o f  Si02, and f i n a l l y % 5 0  urn o f  A1203. 

Oxidat ion o f  a sample o f  t h i s  m a t e r i a l  a t  75OoC i n  a i r  f o r  89 h r  confirmed t h a t  t he  outer  
A1203 coa t ing  was impervious, i n  t h a t  weight l oss  amounted t o  on l y  0.02%. Complete 

loss o f  the PyC would g ive a weight change o f  1.1%. 

We developed a procedure f o r  accomplishing the  a p p l i c a t i o n  

This qua r te r  we a l so  developed a second successful approach t o  apply ing a dense 
This was i n  connect ion 
We determined t h a t  1.10 pm o f  

A1203 coa t ing  over PyC by a r e a c t i o n  i n v o l v i n g  C02 + H2. 
w i t h  t h e  development o f  l a rge r -capac i t y  c o a t i n g  systems. 

A1203 appl ied t o  the PyC us ing a water vapor h y d r o l y s i s  reac tan t  instead o f  C02 + H2 

would p r o t e c t  the PyC dur ing  the  a p p l i c a t i o n  o f  t he  remainder o f  t he  A1203 coa t ing  

us ing C02 + H2. 
tem, it should a l so  be s u i t a b l e  f o r  use w i t h  a drum coa t ing  system. 

Although t h i s  approach was developed f o r  use i n  a v i b r a t i n g  bed sys- 

Two new la rge r -capac i t y  coa t ing  systems were developed du r ing  t h i s  r e p o r t  per iod.  The 

PyC system cons is t s  o f  a 53-mn quar tz  f l u id i zed -bed  r e a c t o r  w i t h  a t y p i c a l  cone-bottom sup- 
po r t .  
t o  40 mesh) t o  ensure t h a t  t he  l a r g e r  Supercalc ined p a r t i c l e s  were w e l l  ag i ta ted.  PyC 
coat ings were t y p i c a l l y  deposi ted a t  ?.llOO°C f rom a 50:50 acetylene/argon m ix tu re  a t  a 

r a t e  o f  1.1.5 pm/min. The capac i t y  o f  t he  system i s  rough ly  100 cm o f  product  per run  

f o r  a coa t ing  th ickness o f  40 t o  50 um. 

The system was operated i n  a f lu id ized-bed mode us ing a bed d i l u t e n t  o f  Zr02 (25 

3 

The coa t ing  system we have se t  up f o r  apply ing A1203 t o  the  PyC-coated p a r t i c l e s  
3 a lso  has a product ion capac i t y  o f  rough ly  100 cm . 

w i t h  a hemispher ical  bed support  was used. 
t i o n  below the  bed support  by the hyd roch lo r i na t i on  o f  aluminum. 

d i o x i d e  and hydrogen o r  water vapor i n t o  the  system through a c e n t r a l l y  pos i t i oned  tube 
extending from the  top  o f  t he  r e a c t o r  and te rm ina t ing  i n  the  p a r t i c l e  bed. A new mechani- 

c a l  v i b r a t o r  was i n s t a l l e d  which imparted a v e r t i c a l  v i b r a t o r y  mot ion t o  the  r e a c t o r  and 

thus t o  the p a r t i c l e s .  The r e s u l t i n g  p a r t i c l e  a g i t a t i o n  was s t rong  enough t o  y i e l d  a rea- 

sonably un i form coa t ing  on each p a r t i c l e  w i thou t  ope ra t i ng  i n  a f l u id i zed -bed  mode o r  us ing 
a bed d i l u t e n t .  This obv ious l y  has the  advantages of: 1) r e q u i r i n g  much less  t o t a l  gas flow, 

and 2 )  p r o v i d i n g  g rea te r  usable product  capaci ty .  
t o  40 pm were t y p i c a l l y  deposi ted a t  ?.1O5O0C a t  a r a t e  o f  rough ly  4 t o  5 pm/hr. 

A coa t i ng  r e a c t o r  o f  3 7 - m  quar tz  
Aluminum c h l o r i d e  was formed i n  s i t u  i n  a sec- 

We in t roduced carbon 

Dense, smooth A1203 coat ings o f  30 

METAL MATRIX DEVELOPMENT - R .  0. Lokken, K. R. Sump, and C. B. Ruhter 

We have conducted s i n t e r i n g  s tud ies  on smal l  samples o f  a 90Cu-10Sn bronze t o  

determine i f  t h i s  m a t e r i a l  could s a t i s f y  t h e  s i n t e r i n g  requirements and l i m i t a t i o n s  o f  

g l  ass-coated Supercalcine. S i n t e r i n g  temperatures s tud ied were 5OO0C, 55OoC, 6OO0C, 
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67OoC, and 70OoC. 
the  outer  l aye rs  o f  powder e a s i l y  removed by l i g h t  abrasion. Samples s i n t e r e d  a t  67OoC 
and 7OO0C demonstrated good s i n t e r i n g  c h a r a c t e r i s t i c s .  
a l l  samples were s i n t e r e d  f o r  6 h r  i n  a i r ;  thus, t h e  format ion o f  oxides may a f f e c t  t he  
o v e r a l l  s i n t e r i n g  c h a r a c t e r i s t i c s .  
c h a r a c t e r i s t i c s  o f  bronze i n  a dynamic vacuum. 

The lowest t h ree  temperatures r e s u l t e d  i n  l i m i t e d  s i n t e r i n g ,  w i t h  

It should be noted, however, t h a t  

We are c u r r e n t l y  do ing s tud ies  t o  determine s i n t e r i n g  

The 1-n. can is te rs  have been received f o r  t he  waste-form encapsulat ion demonstrations. 
We have encapsulated s imulated waste glass marbles and 6-mn g lass beads i n  a Pb-1OSn m a t r i x  

by vacuum cast ing.  
closed-end tube, welded t o  the  top  o f  the can is te r ,  i s  used f o r  the access o f  molten 
metal .  
dynamic vacuum, then submerged i n  a c r u c i b l e  of molten Pb-1OSn a t  40OoC. 

top o f  t he  c a n i s t e r  was broken o f f  and t h e  Pb-1OSn f i l l e d  t h e  can is te r .  
then removed from the c r u c i b l e  and al lowed t o  a i r  cool .  

A vacuum tube i s  welded t o  t h e  c a n i s t e r  near t h e  bottom. A second, 

The c a n i s t e r  o f  s imulated waste glass marbles was preheated t o  %35OoC under a 

The tube on the  

The c a n i s t e r  was 

While t h i s  method o f  encapsulat ion prov ides f o r  good f i l l i n g  o f  t he  vo ids between mar- 

b les,  i t  has c e r t a i n  drawbacks. 
t he  supply o f  molten metal  i s  c u t  o f f .  

s o l i d i f y ,  shr inkage begins t o  occur, r e s u l t i n g  i n  a shr inkage c a v i t y  a t  t he  top  o f  t he  

can is te r .  A l l e v i a t i n g  t h i s  problem requ i res  an a d d i t i o n a l  supply o f  molten metal t o  f i l l  
the volume o f  the c a v i t y .  

As the c a n i s t e r  i s  removed f rom the c r u c i b l e  a t  4OO0C, 

As t h e  c a n i s t e r  coo ls  and t h e  Pb-1OSn begins t o  

CHARACTERIZATION - J. M. Rusin 

Impact Behavior 

We have determined sur face areas f o r  impacted 3-mn and 6-mn glass beads and 1-mn 
alumina beads. Resul ts  are p l o t t e d  i n  F igu re  10 and l i s t e d  i n  Table 8. The beads were 

contained i n  a 0.5- in.-dia by 0.5-in.-high c a v i t y  du r ing  impact. 
as a f u n c t i o n  o f  impact energy i s  a l so  l i s t e d  i n  Table 8. 

behavior o f  alumina beads may d i f f e r  f rom t h a t  o f  g lass beads. 
F igu re  11 f o r  comparison. 

React ions Between Supercalc ine and Metal Matr ices 

The sur face area created 

The r e s u l t s  are p l o t t e d  i n  

I t  appears t h a t  t h e  impact 

No reac t i ons  were detected by SEM analys is  f o r  uncoated Supercalc ine encapsulated i n  
vacuum-cast Pb-1OSn and A1-12Si and i n  g r a v i t y - s i n t e r e d  Cu. 

however, f o r  uncoated Supercalc ine i n  g r a v i t y - s i n t e r e d  316 SS. 
React ions were observed, 

A second phase was observed i n  the  A1-12Si m a t r i x  t h a t  contained A l ,  S i ,  V,  C r ,  and 
I n  the  Pb-Sn m a t r i x  t he re  were some single-phase Sn reg ions s i m i l a r  t o  those pre- Fe. 

v i o u s l y  observed i n  Pb-Sn matr ices.  

The bonding between Cu spheres i n  the  g r a v i t y - s i n t e r e d  Cu sample was minimal. We 

observed very l i t t l e  neck growth, as shown i n  F igu re  12. 
gated t o  improve the  bonding. 

sample developed a whi te  r e a c t i o n  zone next  t o  t h e  Cu. 
b a l i t e  by t h i n  sec t i on  microscopy s tud ies.  

F lux  c o a t i n g  i s  be ing i n v e s t i -  

This has been shown t o  be c r i t o -  

Dur ing encapsulat ion the  fused s i l i c a  tube con ta in ing  t h e  Cu 
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0 3mm GLASS BEADS 

0 6mm GLASS BEADS 

0 l m m  ALUMINA BEADS 

0 21 
IMPACT FORCE, ft-lb 

FIGURE 10. Surface Area vs Impact Force fo r  Glass and Alumina Beads 

TABLE 8. 

Impact 
Force, 

Sample f t - l b  

3-mn g la s s  beads 0 
9.9 

19.8 
39.6 
79.2 

158.4 

6-mn g lass  beads 0 
9.9 

19.8 
39.6 
79.2 

158.4 

1-mn alumina beads 0 
9.9 

39.6 
79.2 

158.4 

Effect  of Impact Force Upon Surface Area 

Surf ace 
Area, 

cm2/gm 

8 
250 
670 
840 

1400 
2100 

Increase i n  
Surf ace Area, 

cm2/gm 

0 
242 
662 
83 2 

1392 
2092 

4 0 
340 336 
490 486 
820 816 

1100 1096 
1900 1896 

200 0 
270 70 
620 420 
745 545 

1370 1170 

Increased Surf ace 
Area/Imparted 

Energy, cm2/joule 

-- 
52.97 
72.45 
45.52 
38.08 
28.62 

-- 
72.22 
52.23 
43.84 
29.44 
25.47 

-- 
23.38 
36.90 
22.75 
24.23 
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0 3mm G L A S S  BEADS 

A 6mm G L A S S  BEADS 

0 l m m  ALUMINA BEADS 

0 50 100 150 

IMPACT FORCE, A-lb 

FIGURE 11; Surface Area/Impact Energy Coef f ic ient  vs Impact Force f o r  Glass and 
Alumina Beads 

300X 

FIGURE 12. Uncoated Supercalc ine Cores i n  Grav i ty-Sintered Copper 
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The g r a v i t y - s i n t e r e d  316 SS sample had a r e a c t i o n  zone around the s t a i n l e s s  s t e e l  
p a r t i c l e s ,  as shown i n  F igure  13. Dispers ive energy analyses o f  t he  whi te  area ( l abe led  a) 

and the darker c r y s t a l l i n e  area ( l abe led  b)  were conducted. The wh i te  area has h igh  Mo, C r ,  

and Fe contents, whereas t h e  darker c r y s t a l l i n e  reg ion  surrounding t h e  SS p a r t i c l e  i s  

p r i m a r i l y  C r .  Samples o f  coated Supercalc ine encapsulated i n  g r a v i t y - s i n t e r e d  316 SS do 

no t  con ta in  any o f  t he  above observed phases. This, along w i t h  vapor i za t i on  s tud ies  which 
show t h a t  a considerable amount o f  Mo i s  vaporized, leads us t o  conclude t h a t  the  observed 

r e a c t i o n  products may be caused by Supercalc ine vapor izat ion.  Thus, i f  Supercalc ine i s  t o  

be encapsulated a t  h igher  temperatures, a coa t ing  may be necessary. 

300X ( b )  3ooox ( a )  

FIGURE 13 a,b. Uncoated Supercalc ine Cores Encapsulated i n  Grav i ty-Sintered 316 SS 
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