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1.0 SCOPE 
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1.1 

1.2 

INTRODUCTION 

performance f o r  t h i s  reac tor  design (Ref, 1). Exposed heavy m e t a l  
(HM) contamination l eve l s  must be reduced t o  5 1E-5 f rac t ion .  
Particle coating breakage during t h e  f u e l  compact f ab r i ca t ion  
process has been shown t o  be a major source of HM contamination i n  
t h e  f i n a l  f u e l  compacts. Excessive forces  are experienced by t h e  
coated f u e l  p a r t i c l e s  during matrix in jec t ion ,  which leads t o  
coating f a i lu re .  

Low defec t  fue l s  are required f o r  t he  MHTGR t o  m e e t  t i g h t e r  f u e l  

Adding a s a c r i f i c i a l ,  low Young's modulus, overcoating of low 
densi ty  PyC i n  a f lu id ized  p a r t i c l e  bed, was shown t o  g rea t ly  
increase t h e  crush s t rength  of TRISO coated f u e l  p a r t i c l e s  i n  1986 
s tud ie s  (Ref. 2). The new TRISO coated f u e l  p a r t i c l e  design was 
designated t h e  TRISO-P coated f u e l  p a r t i c l e  type. I n  1987, t h e  
TRISO-P p a r t i c l e  type was used t o  produce low defect  f u e l  compacts 
f o r  i r r a d i a t i o n  i n  t h e  HRB-21 Capsule (Ref. 3). However, t h e  
exposed HM contamination l eve l s  f o r  t h a t  f u e l  barely m e t  t he  
product spec i f i ca t ion  l i m i t  of < 1.OE-5. The small  margin of s a f e t y  
between product qua l i t y  and t h e  spec i f ica t ion  l i m i t  d i c t a t ed  t h a t  
addi t iona l  process development of t he  TRISO-P p a r t i c l e  design must 
be conducted. 

PROGRAM OBJECTIVES 

The TRISO-P p a r t i c l e  design used successful ly  t o  produce in-  
spec i f i ca t ion  f u e l  compacts f o r  t he  HRB-21 Capsule i n  1987, had two 
negative physical  cha rac t e r i s t i c s  which are presented below: 

1.2.1 The mean P-PyC coating thickness of 45 )fm, required t o  reduce 
coating f a i l u r e  t o  an acceptable l e v e l  during compact 
fabr ica t ion  i n  1987, was shown t o  occupy excessive volume i n  
t h e  f u e l  compacts, which w i l l  compromise t h e  a b i l i t y  t o  m e e t  
a l l  HM f u e l  loadings f o r  t h e  MHTGR. 

1.2.2 The low P-PyC coating densi ty  (0 .8  t o  1.10 g/cc)  required 
coating process conditions to be used which resu l ted  in a 
high coating thickness standard deviation, Under these  
conditions a high mean P-PyC coating thickness was required 
t o  assure  t h a t  a l l  p a r t i c l e s  in t he  batch had a t  least a 
35 coating. Those p a r t i c l e s  with t h i n  P-PyC coat ings were  
expected t o  have lower crush s t rengths  than t h e  average 
p a r t i c l e  i n  t h e  batch. 

These e f f e c t s  can be minimized by allowing a higher P-PyC 
coating density which would mean t h a t  a lower coating 
thickness standard deviat ion could be achieved. This would 
allow a lower mean P-PyC coating thickness t o  be ta rge ted  
t o  achieve higher m e t a l  loading. 

-3- 
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Improved exposed HM contamination leve ls  are required for t h e  
MHTGR over t he  leve ls  obtained i n  the  1987 capsule f u e l  
compact fabr icat ion.  Improving the  P-PyC coating crush 
s t rength  is expected t o  reduce f u e l  p a r t i c l e  coat ing f a i l u r e  
during fue l  compact fabr icat ion,  leading t o  lower exposed HM 
contamination levels .  

The primary object ive of t h i s  program is t o  develop an improved 
TRISO-P f u e l  p a r t i c l e  coating design which w i l l  minimize TRISO 
coated f u e l  p a r t i c l e  breakage during f u e l  compact fabr icat ion.  The 
scope of t h i s  work w i l l  include optimization of t h e  P-PyC coating 
process, as w e l l  as establ ishing the  relat ionship between the crush 
s t rength  and p a r t i c l e  coating breakage during f u e l  compact 
fabr icat ion.  

1.3 PROGRAM JUSTIFICATION AND TECHNICAL BASIS 

1.3.1 Program J u s t i f i c a t i o n  

The exposed HM contamination product spec i f ica t ion  f o r  t h e  
MHTGR f u e l  compacts is set a t  < 1E-5  f r ac t ion  of exposed 
uranium and thorium. P a r t i c l e  coating breakage during f u e l  
compact fabr ica t ion  is t h e  major source of exposed HM 
contamination. Depositing a low modulus PyC overcoating on 
t h e  TRISO coated f u e l  p a r t i c l e  increases the  crush s t rength  
of the  material and reduces t h e  HM contamination in t h e  f i n a l  
compact. I n  1987 HRB-21 Capsule f u e l  compacts were  fabr icated 
with t h e  TRISO-P p a r t i c l e  design, which demonstrated t h e  
benef i t s  of t h i s  design i n  reducing p a r t i c l e  coating 
breakage. However, t he  exposed HM contamination levels were 
barely within t h e  product spec i f ica t ion  l i m i t  of 1E-5 
f ract ion.  Additional improvements i n  product HM contamination 
l eve l s  fo r  t he  MHTGR are j u s t i f i e d  on t h i s  basis.  

1.3.2 Technical Basis f o r  Work 

I n  1986 an evaluation of ways t o  increase p a r t i c l e  coating 
crush s t rengths  was conducted by the author (Ref. 2 ) .  
Several TRISO coating physical charac te r i s t ics ,  such as OPyC 
and SIC coating thicknesses and adding a sacrificial low 
Young's modulus overcoating of PyC t o  the outs ide sur face  of 
t h e  TRISO coated f u e l  p a r t i c l e  were  evaluated. TRISO coating 
crush s t rengths  were  improved by as much as a factor of 2x 
simply by depositing a thin layer  (" 45 p) of low dens i ty  
PyC t o  t h e  outs ide surface of the pa r t i c l e .  The subs t an t i a l  
increase i n  crush s t rength  fo r  t he  overcoated PyC p a r t i c l e  
was explained from the  modeling work reported by Briggs and 
reported i n  Ref. 2. I n  summary, the Briggs' model states t h a t  
t he  p a r t i c l e  crush s t rength  is a function of t h e  following: 

-4- DOE+H'IGF+88990/.%V. r) 
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Under a given load the  p a r t i c l e  crush s t rength  is 
proportional t o  t h e  contact area (a) .  The contact area is 
proportional t o  the  reciprocal  of t h e  cube rpst of the  
Young’s modulus (E) of the  coating ( a  = 1/E 
densi ty  PyC coating the  modulus is very l o w  when compared t o  
a Sic  coating. Therefore, t he  contact area is subs t an t i a l ly  
la rger  and the  crush s t rength  is  much la rger  under a given 
load. 

). For a low 

From th i s  model one can make some assumptions re la ted  t o  the  
nature  of var iables  a f fec t ing  crush s t rengths  of coated fue l  
p a r t i c l e s  during f u e l  compact fabr icat ion.  

1.3.2.1 TRISO-P coated f u e l  p a r t i c l e s  with very t h i n  P-PyC 
coating thicknesses are expected t o  have lower crush 
s t rengths  than th icker  coatings a t  t he  same PyC density. 

1.3.2.2 High densi ty  P-PyC coatings have higher Young’s 
moduli and lower crush s t rengths  than low densi ty  P-PyC 
coatings of equal thickness. 

1.3.3.3 TRISO-P coated f u e l  p a r t i c l e s  with higher crush 
s t rengths  w i l l  experience less breakage during t h e  f u e l  
compact fabr ica t ion  process. 

The work t o  be conducted i n  th i s  program w i l l  evaluate  t h e  key 
P-PyC coating a t t r i b u t e s  a f fec t ing  crush strength.  The optimium 
TRISO-P coated f u e l  p a r t i c l e  coating thickness and densi ty  w i l l  be 
determined t o  produce the  highest  crush s t rength  f o r  MHTGR f u e l  
p a r t i c l e s  possible  within the  HM loading and other  considerations.  
Fuel compacts w i l l  be fabr icated from t h e  optimium TRISO-P f i s s i l e  
and f e r t i l e  pa r t i c l e s .  Exposed HM contamination l eve l s  f o r  these 
f u e l  compacts w i l l  be measured by the H C 1  Gaseous Leach Method and 
the  da ta  w i l l  be compared t o  the  MHTGR product spec i f i ca t ion  
requirements. 

1.4 EXPERIMENTAL WORK 

1.4.1 P-PyC Coating Parameters t o  be Evaluated 

TRISO-P coated UCO and Tho 
t o  MHTGR product specificagion as the t a r g e t  f o r  a l l  
a t t r i b u t e s  through the  OPyC coating layer. The batches w i l l  
be composited and s p l i t  into equal batch s i z e s  on which 
t h e  P-PYC and the  < 5 p outer  seal layers  w i l l  be deposited. 

1.4.1.1 F i s s i l e  and F e r t i l e  P-PyC Coating Batches 

1 

f u e l  p a r t i c l e s  w i l l  be fabr icated 

Table 1 lists the  mean P-PyC coating a t t r i b u t e s  t h a t  w i l l  be 
used f o r  t h e  - tes t  batches: 

-5- D0E+H’?XX-88099/R.e~. r) 
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Table 1 
* 

Batch Numbers and Mean P-PyC Coating At t r ibu tes  

.................................................... 
Batch P-PyC Thickness P-PyC Density 
No. rp. glee 

1 35 1.0 
2 40 1.0 
3 45 1.0 
4 t o  be determined 1.0 
5 35 1.2 
6 40 1.2 
7 45 1.2 

--------------------*------------------------------- * 
The f i s s i l e  p a r t i c l e s  w i l l  use 3 5 0 ~  Tho2 as t h e  coating 

subs t r a t e  f o r  these coating runs. 

The QC proper t ies ,  such as P-PyC thickness,  thickness  
standard deviat ion and density,  w i l l  be determined p r i o r  
t o  use i n  the  crush s t rength  evaluations.  

1.4.1.2 TRISO-P F i s s i l e  and F e r t i l e  Crush Strength 
Evaluations 

The crush s t rengths  f o r  the  TRISO-P f i s s i l e  and f e r t i l e  
p a r t i c l e s  prepared w i l l  be determined as a funct ion of t h e  
P-PyC coating thickness and densi ty  of t h e  p a r t i c l e  breakage 
measurement apparatus. For those materials which show high 
crush s t rengths  a standard 0.5" diameter by 2" long cylinder 
f i t t e d  with a ca l ibra ted  load ce l l  w i l l  be used t o  determine 
t h e  percentage increase i n  p a r t i c l e  coat ing Breakage as a 
funct ion of t he  applied load. The exposed p a r t i c l e  test 
samples w i l l  be HC1 gas leached to determine the  f r a c t i o n s  of 
breakage as a function the  increasing applied load. 

L4.1.3 Fuel Compacts Containing TRISO-P F i s s i l e  and F e r t i l e  
Particle Evaluations, 

Fuel compacts containing TRISO-P UCO and Tho 
fabr ica ted  t o  the  P-PyC coating thickness an3 dens i ty  showing 
t h e  g rea t e s t  crush s t rengths  as per  t h e  r e s u l t s  obtained 
above, w i l l  be fabr icated and high temperature heat-treated.  
Depleted 350 pn UCO kernels  produced on t h e  UCO kerne l  l i n e  
and recovered Tho kernels  w i l l  be used as coating s u b s t r a t e  
for f u e l  compact Eabrication. Fuel compacts w i l l  be 
fabr ica ted  t o  t h e  highest  uranium and thori?  HM loading for 
t h e  MHTGR core design. High temperature 1500 C HC1 gaseous 
leach analyses of t h e  heat- t reated f u e l  compacts w i l l  be 
conducted, 

p a r t i c l e s  

-6- ~-HIGF-88090/Re~.  0 
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2.0 DOCUMENTATION REQUIREMENTS 

The documentation requirements are laboratory notebooks containing 
records of coating and test data and a test report (RTE) of data and 
analysis at the completion of the work. The report shall include the 
optimized P-PyC coating thickness and density range for acceptable 
ability to avoid crushing during compact production. 

3.0 RESPONSIBILITY 

C. C. Adams is the responsible engineer for the work, with 
technical assistance from E. B. Merriweather and K. E. Partain. The work 
will be conducted as one of the FY-88 tasks of the Fuel Development 
Branch, 0. M. Stansfield, Manager. 

4.0 QUALITY ASSURANCE REQUIREMENTS 

The quality assurance requirements on this work are in accordance 
with 10CFFt.50 Appendix B, as defined in the GA Quality Assurance Program 
Document (QAPD) 6300 (2/26/88). 

5.0 SCHEDULE 

The schedule for this program, showing the major milestones, is 
presented in Table 2 below: 

-7- 
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Table 2 

Optimized Protect ive Coating Design e 

1) Issue T e s t  
Specif icat ion ------> 4/29/88 

2) Fabricate P-PyC 
F i s s i l e  & f e r t i l e  
P a r t i c l e s  

3) Complete Par t .  Crush 
Strength T e s t s  

4) Fabricate  Fuel 
Compacts 

5 )  Complete Parameter 
Evaluations of Coating 
At t r tbu tes  Versus 
Crush Strengths 

------ > 5/20/88 

6) Complete HM Contamination 
Analyses 

7) Issue Draft  T e s t  Report (RTE) 

8 )  Issue Final  T e s t  Report (RTE) 

------> 6/10/88 

------> 6/24/88 

------ > 7/1/88 
------> 7/15/88 

------> 7/29/88 

6.0 REFERENCES 

1) Scheffel ,  W. J., "HTGR Fuel Product Specif icat ion For MHTGR", 
GA Doc. No. 901588 Issue E, Sept. 26, 1986. 

2) Briggs, A., R. W. Davidge, C. Padgett and S. Quickenden, 
"Crushing Behaviour Of High Temperature Reactor Coated Fuel 
Par t ic les , "  Journal of Nuclear Material 61 (1979) 233-242, 
North-Holland Publishing Co., 1976. 

3) Scheffel ,  W. J., D. T. Goodin and B. F. Myers, "Capsule HRB-21 
Pre i r rad ia t ion  Report", GA Doc. No. 909551 Issue N/C, 
March 21, 1988. 

-8 - 


