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1. INTRODUCTION 

LITHIUM CERAMICS AS THE SOLID BREEDER 

MATERIAL IN FUSION REACTORS 

G. W. Hollenberg (WHC): 
T. C. Reuther (DOE/OFE) 

C. E. Johnson (ANL) 

In the 1970•s, fusion energy was.ev6lving through a period in which 
its basic postulates were being tr.ansformed into scientific fact. As 

a product of this evolution toward reality, the enthusiast_ic pursui-t 
of plasma physics is now b0oaden~ng into ~he world cif materials engi
neering, with its seemingly endless array of technologic~l problems. 
An essential· engineering comp·onent in every 0-T fusion design is the 
tritium producing blanket which has received increased emphasis in. 
recent years. A breeding blanket, as ~ictured in Figure 1, not only 
produces the tritiull), necessary for .maintaining a ·plasma fuel supply, 
but also ~rovidei a media fot converting fusion neutron energy into 
useful therma 1 power. In addition, the b 1 anket .serves as a neutron· 

·barrier fo~ partial protection of the ~agnets outside of its back~ 
wall. The development of an operationa~- breeding blanket is one 
of the necessary steps ·in the transition of controlled thermonuclear 
fusion (D-T,) from scientific to technological feasir.ility. The solution 

of problems associated with breeder blanket research are just as vital . 
. . 

to the establishment of fusion power as any other problem. Re6ent: 

efforts in the.U.S. will establish the technological basis for develop
ment of a workable solid breeder blanket. 

This paper reviews the historic~l development and the present staiui 
of the solid breeder concept; Today•s major technological challeng~s 

in solid breeder research will be examined in order to appreciate the 
effort that must be made in the future to improve and to verify the 
engineering acceptability of the solid breeder design concept .. 
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2. THE SOLID BREEDER BLANKET 

Elemental lithium possesses the most ~uitable neutron cross section for 

transforming fusion neutrons into both tritium and thermal energy by 

either of two reactions: 

4He· + 3T + 1n 

4He + 3T 

The 7Li reaction takes place at energies above 1 Mev while the 6Lj 

predominates at lower neutron energies. At present, two alternative 
concepts exist for the. physical form 6f the breeding mate0ial. Liquid 

lithium metal (or lithium-lead alloys) appeared attractive initially 
because of ·operational simplicity, but safety and magnetohydro-

dynamic effects bave caused a re-evaluation of liquid li'thium's engi

neering potential. The other alternative, which is receiving increasing 

emphasis, is the use of a solid ceramic breeder blanket. These ceramic 

materials have alleviated concerns fur.Lhe sarety issue by thei1· better 
chemical stability(l) and offer the potential of an operational blanket 

design. 

·-
Solid breeder blanket. designs consist of a porous ceramic material, 

such as. Li 20~ which is positioned immediately behind the first wall. 

Most of the 14 Mev fusion neutrons pass through the first wall and 

generate tritium atoms in the solid breeder with an accompanying 
local energy deposition. A carrier gas, typically helium, flo'ws--through 

the blanket in channPls dPsigned for that purpose. Tritium ·released fro~ 

the solid breeder is transported to chemical proce~sing equipment within 
the plant where it is prepared for injection into the plasma. A water 

(or helium) coolant conveys heat from the blanket to the electric gen~ 
erating facility at the fusion power plant. 

In the U.S., one of the first blanket de~igns tn consider a solid 

breeder blanket was proposed by Powell, et.al. (2) in 1974. Since then, 

other design studies( 3-?) (see Table I) have re-evaluated, refined and 

varied the solid breeder concept, although it should not be inferred 

that anythina near an optimized final design or even a reference 
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Neutron Multiplier 

Coolant 

? Wall loading (MW;m-) 

Peak Solid Breeder 
Heat Generati6n (W/cm3) 

Peak Burnupla te 
(Atom/Cin yr) 

B1 anket Life 
Net Breeding Ratio 
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Coolant Temperatures (°C) 

BROOKH.C.'JEN 
( 1 97 4) 

LiAl02 
90% 6Li 

Graphite 
Be-

He 

1.66 

14.8 X 1020 

3 years 

600-1l·JO 

170-.76:• 

·. TABLE I 

CERAMIC SOLID BREEDER DESIGNS 

UWMAK-I I 
( 1 97 5) 

LiAl02 
.90% 6Li 

90% T.D. 

Be ~-
He 

1.2 

' 14.5 

13.6 X 1020 

2 years 

1.06 

593-1097 

410-650 

STARFIRE 
( 1980) 

c.Li.A 102 
60% 6Li 

60% T.D. 
"··.~-

''· 

3.6 

60 

6.8 X 10 20 

6 years 

1.04 

500-850 

280-320 

INTOR 
( 1981 ) 

Li 2s;o3 
30% ~Li 
70% T.D. 

Pb 

H20 

1.3 

20 

3.99 X 1020 

5 years 

0.65 

400-600 

50-100 

DEMO 
( 1 982) 

Li 20 

7.5% 6Li 

70% T.D. 

1.8 

13.4 

1. 2 X 1020 

1.04 

410-600 

. 260-300 

.· 
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w 
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engineering design has been established. It should. be appreciated that 

materials data and verification of assumed material performance is a 

major limitation in these design studies. 

In considering the major design decisions which must be made on solid 
breeder materials, there are basically three issues to address: 

1. Material Selection 

2. Temperature Limits 

3. Irradiation Limits 

These are complex subjects and many phenomena ~ust be evaluated in 

making decisions on these issues, but the issue to be resolved for 
fusion energy is very simple; that is; selection of·a .soifd. breeder': 

which functions within acceptable te~perature ~nd irradiation limitations. 
These issues will now be discussed in reference to the past designs in 

Table I and the .decis1ons they dictkte·in the future . 
.... 
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3. MATERIAL SELECTION 

In the early designs,( 2•3•4) liAl02 was accepted as the solid breeder, 

perhaps more on the basis of availability of data( 5) rather than on 

its actual superiority over other compositions. But as in many ap

plications, neutronic considerations dominate and the most recent 
designs( 6•7) are based upon Li 20 which has a clear advantage in lithium 

atom density (see Table II) and hence, an advantage in its tritium breeding 

ratio, i.e., tritium atoms produced per fusion neutrons. 

Many potential bar~iers can be conceived that would eliminate Li 20 
from consideration in the future, but until it is experimentally·.proven 

that Li 20 lacks adequate materials perftirmance capabilities, it will 
·probably continue to recieve major attention as a result of its known 
neutronic superiority. Other materials, such as Li 2Si03, Li 4Si04(8) and 

Li 2Zr03 , are still under;:'consideration; lest the needed per·.~ormance 

by Li 20 not be attainable. 
TABLE II 

LITHIUM ATOM DENSITY 

Material* 
Lithium Atom Density** 

(Li atom/cm 3 } 

.:."'.. 

816 X 1020 Li 20 Cubic 
·Li 4Si04 Monoclinic 481 X 1020 

Lit~ium Liquid 442 X 1020 

Li 2Si03 Orthorhombic 335 X 1020 

Li 27r03 Monoclinic 327 X 1020 

aLiAl02 Hexagona 1 310 X 1020 

yLiAl02 Tetragonal 239 X 1020 

*Solid lithium breeders are typically used at 60 to 85% T.D. 
whereas liquid lithium designs are 100% T.D. 

**Room temperature data. 

The ternary oxides typically possess better performance than Li 20 in available 

measurements, i.e., compatibility, stability, sintering grain growth, .thermal 
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expansion; etc. and they may provide better tritium recovery charac

teristics. The ternary oxides can be made to produce tritium with a 
breeding ratio greater than 1.0 as shown by the STARFIRE and INTOR 

design studies in Table I, but thes~ design~ require a neut~on mul

tiplier such as Be or Pb. A neutron multiplier is one more complication 
to an· already complicated blanket design. In the STARFIRE ·design, 
aliAl02 was selected but this allotrope is not stable at the temperatures 

required.for sintering or hot pressing·. It is not clear from these 

design studies that the less dense yliAl02 possesses sufficient-lithium 

atom density to provide a breeding ratio greater than one. Hence, the 

interest in further ~onsideration of LiAlD~ is in question. . L 

The point of this discussion on ~aterial· selection is .that the decision 

process has in.the recent past centered on neutronic considerations. 

A decision based on actual material properfies ~nd performance cannot 

be made at thiS time because of a lack of data. Hence, the selection 

of the optimum solid breeder material pivots around the accumulation 

and ihterpretation of actual performance results and material properties 
in· the future. 
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4.0 Temperature Limits 

In developing criteria for materials selection for commercial applications, 
the behavior of a material over a range of temperatures in a given environ

ment largely dictates that materials suitability for commercial application. 

That is, does the material exhibit inherent stability, compatibility with 

other materials and environments, high diffusivity., a tolerance for 

impurities, etc. or does it exhibit severe limitations to any or several 

of these properties? Thus, in developing se~ection criteria for can-

didate solid breeder materials one must deal very rigorously with 

temperature and its import as regards each materials inherent thermo

dynamic and transport characteristics. Several materials properties 
are listed in Table III and these provide a means for evaluation of each 

candidate 1 s potential. Further, one must also recognize that because 

these properties are strongly temperature related they are not strict

ly independent of one arother in determining~ candidate materials 
behavior. There frequently exists an inverse relationship between 

properties in that while increases in temperature ate advantageous to 
enhancement of a given property such increases may be. decidely dis

advantageous to another. It is not the intent here to provide a 

rigorous description of the interrelation between properties due to 

their intrinsic temperature co~fficients but rather to provide some 
examples that highlight fhe importance of temperature and its influence 

on materials selection and systems design. 

The importance and influence of temperature is amply demonstrated 
when considering the limit~tions to tritium recovery from solid breeder 

materials. The tritium inventory in a candidate breeder material 

will be determined by transport (diffusion rates) and thermodynamic 

(solubility) constraints. The tritium inventory is predicted to possess 
a strong temperature dependence and is predicted at low temperatures 
to be very sensitive to the diffusion path length. To ensur~ high tritium 

recovery (i.e.·, low tritium inventory), i.t may be.:necessary to operate 
at relatively high temperature where the partial pressure for tritium 

or tritium containing species above the solid is high and in-situ 

tritium diffusion is fast. However, processes such as grain growth and 

sinterin~ may be enhanced at higher temperatures. 
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TABLE I II 

TEMPERATURE LIMITING PHENOMENON 

Lower Temperature Limit* 

Tritium Diffusion 
Solubility -and Trapping 

Compatibility 
Safety Issues · 

Heat Transport 

Higher Temperature Limit 

LiOT Vapor Transport 

Compound St~bility 
Restructuring, Sinterin~ 
Grain Growth and Swelling 

Melting 
Structura 1 Stability _ 
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It may be that for optimu8 recovery the solid breeder material 

must mai.ntain interconnected porosity and small grain size throughout 

its irradiation history. Thus, any change in microstructure of the 
breeder material such as grain growth and sintering are phenomena that 

could affect the restructuring of the candidate material and ultimately 

the ease of tritium recovery. 

In general, the thermal sintering characteristics of stable oxides 

are quite similar. Temperatures in excess of 0.8 Tm (the absolute 

melting point) are required before significant sintering occurs. . . 

5. Irradiation Limits 

The irradiation performaDce of solid breeder materials has received 

little or no attention in the past, possibly be~ause· of the difficulty 

·of obtaining such dat~. Most studies have be~n limited to low tem
perature, low burnup irradiations which have provided(g) materials 

for post-irradiation annealing studies. A recent experiment was 

directed at high temperature compatibility and restructuring at low 
burnup levels.(lO). Irradiation damage can ~bt~ntially impact both 

thP chemical and physical stability of these lithium ceramics. The 

manner in which irradiation damage manifests itself can lead to design 
lifetime limits, which are not even appreciated in some of the design 

studies presented in Table I. If these lifetime limits are so short 

as to reduce the blanket module'~ life to less than an economically 
acceptable level, then a particular solid breeder material will naturally 

be eliminated from consideration. 
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It is difficult to theoretically postulate a "most logical" damage 

process when so many competing mechan!sms are plausible as shown 
in Table IV. It is even less feasible to predict the magni~ude of 

irradiation damage, swelling, restructuring, etc. Only by characterizing 

irradiated solid breeders can the irradiation performance be deduced 
and blanket lifetimes realistically established. 

In m~tals, irradiation damage in a fast neutron fluence is thought 
to be solely dictated by displacement damage (dpa). But in solid breeder 

materials the more dominant atomic damage mechanism is thought to 

be associated with'the lithium neutron capture process in which two new 

gasseous products, T and He, are encorporated into the lattice as is 
shown in Figure 2. _ Tritium ions form substitutional defects in vacated 

lithium atom sites in the parent cation lattice, but the inert helium 

atoms can only hope to be accepted into interstial positions or form 

more complex defects in conjunction with vacancies. By accepting the 

neutron capture process to be dominant, the measure of irradiation damage 
3 . 

should take on units of captures/em , for instance. Other measures of 

burnup, such as %Li, are confusing when comparing more than one material. 

'· 
-1o put neutron capture damage in perspective, approximately 120,000 ppm 

(atomic) of reaction prodDcts, i.e. He and T, will have been created 

at the end of life in the STARFIRE design (see Table I). ~ut neutron 
displacernent dan1age in the sol·id br-eeder· would be only 60 dpa for· the 

same lifetime assuming that the partitioned displacement cross section 

for LiAl02 is a half of that for iron. The neutron capture defects, 

i.e. TLi or He 1, cannot annihilate like the Frenkel defect pairs, 

i.e. V~i and Li~, which are created by ditect-knock-on displacement (dpa). 
Frenkel defect pairs, either on the anion or cation sublattice, are 

charged in oxide ceramics such as these solid breeders. Consequently, 
there is a large electrostatic dr~ving force for their annihilation 

in comparison to the essentially neutral Frtnkel defects found in metals. 

Thus, the neutron capture defects such as Tli and He 1 appear to be the 
determining atomic neutron damage in solid breeders. 
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The introduction of numerous lattice defects by either atomic mechanism 

into these lithium ceramics and the destruction of the normally regular 

unit cell, i.e. metamict damage, during irradiation produces a material 

with a highly nonequilibrium defect structure. The eliminatipn of these 

atomic defects from the lattice by the formation of larger agglomerates 
reduces the overall system 1 S chemical po~ential toward a mor~ equilibrium 

state. Of course, the migration of these defects to a free surface; like 

grain boundaries, represents an even lower energy state but may be 
kinetically limited. Dislocations and voids may be created by va~ancies, 

while bubbles and precipitates are ·developed·from substitutional or 

interstitial defects .. It is unlikelj that voids will form in these 

materials since helium atoms would be expected·to migrate to the void 1 s 

surface and quickly begin to dictate the cavity 1 s growth into a bubble .. 

Since the neutron capture process eliminates.one chemical component, (Li) 
' and produces oth~rs, compositional changei are taking place during high 

burnup irrJdiJtion. These compositional changes can lead to the formation 

of second phases, either as internal precipitates or intergranular second 
phases. An example of this would be the formation of Li 2Si03 as a result 
of lithium depletion in Li 4Si04. The impact of_compositional changes 

·in a ternary oxide is· reflected in changes in properties such as melting 

points, for example there is a eutectic at·l024°C between Li 2Si03 and 

Li 4Si04 but Li 4Si04 itself melts above l250°C. Other second phases 

produced by the reaction products could be detrimental to tritium re

covery. Internal precipitation of LiOT retards the escape of tritium 
to th~ carrier gas purge channels, if it were to occur. 

Large burnup 

which can be 

gradients will exist in 

up to one meter thick. 

the solid breeder blanket modules 

The burnup of lithium through 
the depth of the STARFIRE blanket( 4) design is presented in Figure 3. 

From an irradiation damage standpoint, of course, the high burnup near 

the first wall is the critical region for blanket life analysis. Designs 
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like STARFIRE and INTOR, that have neutron multipliers immediately behind 

the firstwall, yield higher peak burnup levels within the blanket (see 
Table I). In designs without neutron multipliers, like DEMO, the peak 

burnup rate is less in comparison to the wall loading. In the DEMO 

design, the peak burnup rate is a product of the neutron flux (~wall 

loading), the lithium atom density and 7Li and 6Li neutron cross sections 
(see Figure 4). B~t in designs with neutron multipliers, the peak 

reaction rates are primarily influenced by the fraction of lower energy 

neutrons with their higher neutron capture cross section,·see Figure 4. 
In the STARFIRE design, the peak burnup after six years will approach 

25% of the lithium atoms in aliAl02, while the burnup at the exterior 

of blanket will be mor-e than an order of magnitude lm'ler. Localiy 

however, the burnup rate is essentially consistant with a gradient 

of approximately 2%/mm. Hence, irradiation testing should be conducted 

wi~h similar degree of selfshielding. 

On a macroscopic seal~, irradiation damage can reflect itself in several 

forms; swelling being the cl~ssical example. But in the case of Li 20 

and Li4Si04, the formation of a second phase could give rise to sintering 
and grain growth which may hamper tr~tium release(ll) and cause are-

·duction in dimensions rather t~an a swelling of dimensions. A blanket 
. .:.'•.: 

lifetime limit caused by irradiation swelling of the solid breeder is 

aimed at maintaining integrity of structural componen.ts. A blanket 

lifetime limit associated with the synergistic effects of temperature, 

sintering or grain growth on tritium recovery is another issue to be 
addressed when considering irradiation damage. 

In addition, strains caused by swelling gradients, densification and 

thermal gradients can result in cracking within monolithic ceramics 
bodies. This cracking can lead to material rearrangement within the 

blanket module. Sul id breeder rearrangement within the blanket should 

be avoided in order that it remain functional for adequate tritium 

recovery, shielding and thermal performance. Cracking, friability and 

degradation of thermal and mechanical properties by irradiation can 
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all contribute to material rearrangement within the solid.· The extent 

to which these irradiation damage phehomena exist m~st be addressed 

in verifying the performance of a solid breeder blanket design. 

In Table I, the general irradiation environment, i.e. burnup, heating 

rates ahd temperatures, ca~ be obtained for the various blanket designs. 

These have been condensed in Table IV for a water-cooled blanket. 

Since there is no operating fusion facility arid there will not be one 
for many years with a significant plant factor, irradiation testirig 

·must be conducted in available fission reactors or accelerators. Con

sequently, the task before the community is- to inventively adapt present 

facilities to duplicate the environment described· in Table V. It 

soon becomes obvious that no existing facility -provides __ the unique· 

environment found in a power-producing, fusion reactor blanket. 

In Table VI, existin~ irradiation test programs in the US are described. 

The FUBR(l 2) experiment ·in a fast neutron reactor (EBR-II) will provide 

data in the near future on tritium release and irradiatiori performance 
to a· burnup or approximately .14 x· 1020 captures/cm3 at ·-temperatures. 

from 400 to 900°C. It will allow tritium releas·e through the cladding 
that is equivalent to approximately one years burnup near the first 

wall in the STARFIRE design, see Table I. The 44 capsules in this 

experiment contain four different solid breeder materials. 

The TRI0-1 experiment(13 ) is being designed to conduct actual in-situ 

recover·y or tr··itiurn from L iAl02 in ORR, a thermal neutron reactor. 
Although the a~hievable burnup was limited to a low value ·in order 

to avoid selfshielding, the main intent of the TRI0-1 experiment was 

to provide controlled carrier gas flow and controlled temperatures t6 · 

better establish the basis for design of the entire blanket and tritium 

recovery systems. 

The LBM experiment on Li 20 is being designed for insertion into the 

TFTR fusion test device. It will not really be an irradiatiori experiment 

like the other two experiments, since TFTR will provide only a very small 
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TABLE IV 

IRRADIATION DAMAGE IN SOLID BREEDERS 

ATOMISTIC 

Frenkel Pairs 
Lithium Vacancies 
Substi~utional Tritium 
Interstitial Helium 

INTRAGRANULAR 

Dislocations· 
Bubbles 
Voids 
Precipitates 
Metamict 

INTERGRANULAR 

Swelling 
Restructuring 
Grain Growth 
Sintering 
Mi croc1·ack·i ng 

· MACROSCOPIC . 
Swelling 
Densification 
Clnacking 

Friability 
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TABLE V 

SOLID BREEDER ENVIRONMENT FOR IRRADIATION TESTING 

14 Mev Neutrons 

Wall Loading {3.6 MW;m2) 

400 to 900°C 

80 x 1020 c~ptures/cm3 

Hel·iurn Purge Gas 

30 x 1020 W/cm3 

2 to 10 em Coolant Tube Spacing 
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. TRI0-1. 

LBM 
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TABLE VI 

SOLID BREEDER IRRADIATION TESTING 

Material 

Li 20, Li 4Si04 
Li 2Zr03, LiAl02 

Status 

In Reactor 

Final Design 

Preliminary 
Design 

Schedule 

May 1982 
(EBR-II) 

August 1982 
(ORR) 

1984 
(TFTR) 

Purpose 

High Burnup 
Material 

Performance 

Insitu 
Tritium 
Recovery · 

Neutronics 
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neutron fluence. The purp.ose of this test module is to evaluate large 

scale neutronics aimed at establishing £ritium production rates from 

fusion neutrons, i.e. breeding ratio-verification in toroidal configurations. 

Before large solid breeder modules are actually designed and constructed 

for use in an operating fusion reactor, it will be necessary to better 
approximate the fusion blanket in terms of size, material configuration, 

neutron spectrum, hurnup, overall heating profiles and tritium 

recovery in order to verify the acceptability of a design. In that case, 

large irradiation ~ests will probably be conducted with very specialized 
facilities in reactors such·as ETR( 4) or FFTF. 

6. Conclusion 

Fusion blanket designs ~ave for almost a decade considered the use of a 

solid breeder relying on av.aila.ble data and assumed performance. The 

conclusion from these studies is that acce~tabl~ neutronic and thermal 
hydraulic performance can be achieved. In ·the future, it will be necessary 
to establish that a particular material can tole~ate the thermal and 

irradiation enviro~ment of the fusion blanket while still providing 

the ·required functions of tritium recovery, power production and neutron 
.:."... 

shielding. 



REFERENCES 

1. D. W. Jeppson and R. F. Keough, 11 Fusion Reactor Blanket and Coolant 
Material Compatibility,~~ HEDL-SA-.2355, presented at ANS Topical 
Meeting on Fusion Reactor Materials, Seattle, WA., August 9-12, 1981. 

2. J. R. Powell, 11 Preliminary Reference Design of a Fusion Reactor 
Blanket Exhibiting Very Low Residual Radioactivity," BNL 19565, 
Brookhaven National Laboratory, December 1, 1974. 

3. "UWMAK-II, A Conceptual Tokamak Power Reactor Design, 11 UWFDM-112, 
The University of Wisconsin, October 1975. · 

4. 11 STARFIRE/DEMO- A Commercial Tokamak Fusion Power Plant Study," 
ANL/FPP/80-1, Argonne National. Laboratory, September 1980. 

5. A. B. Johnson,' T. J. Kabele and W. E. Gurwell, "Tritium Production 
From Ceramic Targets -A Summary of the Hanford Coproduct Program, 11 

BNWL-2097, Battelle Pacific Northwest Laboratories, August 1976. 

6. C. C. Baker, "STARFIRE/DEMO - A Demonstration Tokamak Power Plant 
Study - Interim Report," ANL/FPP-TM-154, Argonne National Laboratory, 
January 1982. 

7. M. Huggenberger, "Helium Cooled, Solid Breeder Blanket Design For 
a Tokamak Fusion Reactor~ 11 GA-Al6308, Gener<;1l Atomic Co .• April 1981. 

8. W. M. Stacey, M. A. Abdou, J. A. Schmidt, T. E. Shannon and J. K. Griffith, 
11 The U.S. Contribution to the International Tokamak Reactor Phase I 
Workshop - Conceptual Design," INTOR 181-l. 

9. K. Okula and D. ·K. Sze, "Tritium Recovery from Solid Breeders: 
Implications of the ~.xisting Data, 11 The Proceedings of Tritium 
Technology in Fission, Fusion and Isotopic Application~, CONF-800427, 
April 1980. 

10. L. Yang, R. Medico, W. Baugh and K. Schultz, "Irradiation Study 
of Lithium Compound Samples for Tritium Breeding Application, 11 

GA-Al6407, General Atomic Co., July 1981. 

I I. R. M. Arons, M. B. Poeppel, M. Tetenbaum and C. E. Johnson, 11 Pre
paration, Characterization and Chemistry of Solid Ceramic Breeder 
Materials," Proceedings of Second ANS Topical Meeting on Fusion 
Reactor Materials, August 9-12, 1981, Seattle, WA. 

12. G. W. Hollenberg, D. C. King and R. C. Knight, 11 A Fusion Solid 
Breeder Experiment in a Fast Neutron Fission Reactor," HEDL-SA-2545-A, 
Presented at ANS Special Topical Meeting on Fast Thermal and Fusion 
Reactor Experiments, April 12-15, 1982, Salt Lake City. Utah. 

13. R. L. Childs, T. A. Gabriel and P. A. Little, "Neutronic Calcu.lations 
for the Conceptual Design of an In-Reactor Solid Breeder Experiment, 
TRI0-1.," Nucl Tech/Fusion, _g_, 73-79 (1982). 



14. D. Grauman, et.al., 11 TFTR Lithium Bl-anket Module (LBM) Program 
Preliminary Design Report, 11 GA-Al()616, December 1981. 

15. W.-G. Homeyer, R. L. Creedon and L. Yang, 11 Design of a Lithium 
Blanket Module for Testing in the TFTR, 11 in the Proceedings of 
of Engineering Problems for Fusion Research, IEEE Publications 
No. 81CH 1715-2NPS October 26-29, 1981. . 

16. P.Y. Hsu, et.al., 11 The Role of Fission Reactor Testing Capabilities 
in the Development of Fusion Technology, 11 ibid. 



STAR FIRE BLANKET CONCEPT. 

REACTOR CROSS SECTION 

FIRST 
WALL 

~· . .,. 

BLANKET CROSS SECTION 

Figure 1. STARFIRE Blanket Concept. 
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Figure 2. Atomic Defects in Li 2D. 



u 
w 
(J') 

. ~-

1014~--------~------~.--------~.--------~.~------~.--------~.~------~.--------~.--------~.---------, 
...................................... j ................... j ................... j ................... j ••••••••••••••••••• j ••••••••••••••••••• j ................... j ................... j ••••••••••••••••••• 

: : ! : : : : : .............. ······ ...................... ~ .................... ~ ..................... ~ ................... ! .................... ; .................... ! .................... ~ ................... ; ..... ···········~·· 

~ 1: ·:::::: ::: ::~:: ~: ::::::::::::::::: :r :~:: :::::::::::: r: :::::~::=::~:: r:::::::: ::::::: :r::=::: ::::::::: r::: ::: :::::::~:: r:::::: :::::::::: r::: :::::::::::::+=:: ::::::::::::: 
............... ···················~···················!···················1'"''''''''''""''!'''''~"""''"'"1''''"'"'"''"'''!'"'''"'~····· .... ! ................... ! .................. . 

..... .......... _ .................... l .................... j .............. _ .. i ................... l .... _ ............. l ................... l.: ............. -.. ~ ................... l .. _, ............. . 
~ ~ ~ ~ ~ ~ [ ~ 

................... , ................. ······················~···················1···················1··············~J:~····~~::·::·~:· .............. ~ ................ . 
. . . . . . . . . 

M • • 

:z : : 
~ 1013-~--------~----~~~--------~. ---------.~--------.~------~.~------~.~------~.~------~.~-------4 
~ . . ··················}··············~····!···················}···············.····!···················!···················!···················~···········-······ 
~ . : ~: ~ ~ ~ ·.: ·:. ·. ~:: :·.::: i ::: ~: ~ :::::: :·.:: :::\:::: .. : ·.: .. ·:: :::·.: \: ·.::: ::: ·. ::: ~ :::: ~: \: ·.::::::::::: :::::: j: :::::: ::::·.:: :::: ·.\ ::::: ·.: ::::: ·.:::::: \'.:: ·. ::·.::: ::·. :::::: \~ ~·.:: ·.:::: ::::: ~::: l :::::: ·. ::::::::::: ·. 
1- - ................... i ................... !· ................ ·: ................... l: .................. ·\·""'""'"""'~1-·":"":"""""\"""""""""'l""; ............... l ........... ~ ...... . 

................... ~ ................... ~ ................... ~... . ............ ~ ................... 1 .................. ~1'""""'"""'"j'~'"""'""""'1'""'""""'"''j'''''""'""'"" . 

................... 1 ................... \ ................... l ............. ''''l"'''''''''''""''j''''"''"'''''"''.l'"''·"'"'"""".:···"''"'"'"""j"'""'"""'''":'"''"""'"'"'' 

...................... ~ .. ·············· .... : .. ······· .......... ~ ................... ; .... . ............ : ........ ···········l· .................. : .................... : ................... : ··············· .... . 
. . . = 'j I ! i =. 
. . . . . . . . . .................... 1 ................... \ ................... i ................... i ................... i ................................... ! .................. J ................... i .................. . 

1012 
4-~----~------+-------r-~--~r-----~~----~------~-------r------~------~ 

221.0 225.0 

Figure 3. 

229.0 233.0. 237.0 241.0 
RADIUS CM 

245.0 249.0 253.0 

Calculated Lithium Burnup Gradient Across STARFIRE Blanket. 
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Figure 4. Neutr·on Capture Cross Sections for 6Li and 7Li and Two Neutron t1ultipliers, Pb and Be. 
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