
f 
1 
1 » 

\ fencF^v-r '"̂ ' ' 

WpstiiijhniBM Hanford Company 

M HEDL-7647 

THE FUBR-1B EXPERIMENT AND BEATRIX! 

HEDL—7647 

DE87 009525 

DISCLAIMER 

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

DISTRIBUTWII OF THIS DOCUMENT IS UNLIMITED 

HANFORD ENGINEERING DEVELOPMENT LABORATORY - Operated by Westinghouse Hanford Company, P.O. Box 
1970, Richland, WA, a Subsidiary of Westinghouse Electric Corporation. Prepared for the USOOE, Office of Energy Research, 
Office of Fusion Energy, under Contract No. OE-AC06-76FF02170, B&R No. AT-15-02-03A. 

U.S. Department of Energy 



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



Hanford Engineering Development Laboratory 

Operated by 
Westinghouse A Subsidiary of 
Hanford Company Westinghouse Electric 
for the U ^ DOE Corponrtion 

Contract Na P.O. Box 1970 
OE-ACO6-76FF02170 Richland, WA 99352 

DISCLAIMER 

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

(12/86) 



; Westinghouse Hanford Company 

HEDL-7647 

THE FUBR-1B EXPERIMENT AND BEATRIX! 

G.W. Hollenberg (WHO 
R.C. Knight (WHO 

LA. Pember (WHO 
C.E. Johnson (AND 
R.B. Poeppel (AND 

L Yang (GA) 
Date Published: January 1987 

HANFORD ENGINEERING DEVELOPIVIENT LABORATORY - Operated by Westinghouse Hanford Company, P.O. Box 
1970, Richland, WA, a Subsidiary of Westinghouse Electric Corporation. Prepared for the USOOE, Office of Energy Research, 
Office of Fusion Energy, under Contract No. DE-AC(»-76FR)2170, B&R No. AT-15-02-03A. 

U.S. Department of Energy 



THE PUBR-IB EXPERINENT AND BEATRIX-I • 6. U. Hollenberg. R. C. Knight, and L. A. Peaber (Westinghouse 
Hanford Conpany). C. E. Johnson and R. B. Poeppel (Argonne National Laboratory), and L. Yang (6A Tech­
nologies) 

OBJECTIVE 

The objective of this work is to irradiate lithiua ceraaics in a fast neutron environwnt to high 
burnup levels and with large teaperature gradients. As a part of the 8EATRIX-I, the object of the second 
part of this experiaent is to irradiate aaterlals froa lEA participating countries In a siailar aanner. 

SUNNARY 

The first insertion of two subasseabiies has coapleted its irradiation in Oeceaber 1986. This 
irradiation exposed LijO and LIAIOj to not only high teaperatures but also large temperature gradients 
which are expected in fusion blankets. In addition, it included other aaterlals such as Li2Zr03, LigZrOg, 
Ll4Si04, and LIAIO2 (spheres and large grain size) soae of which will go to high burnups. 

The second insertion will contain lithiua ceraaics froa Saclay, France; Casaccia.' Italy: Karlsruhe. 
Federal Republic of Seraany; Springfield Laboratories, England; and JAERI. Japan. 

PROGRESS ANO STATUS 

Introduction 

A high fluence Irradiation experiaent on solid breeder aaterlals is being irradiated in the EBR-II 
reactor. The experiaent is evaluating the perforaance of nuaerous aaterlals which are presently viewed as 
candidates for use in a solid breeder blanket for tritlua and sensible heat extraction. Accumulation of 
tritlua and heliua retention data, along with chealcal and physical stability results, will aid ribt only in 
direct coaparison of the aaterlals theaselves but also in the generation of better blanket designs. The 
experiaent features large diaaeter pellets with large teaperature gradients, thus providing a better 
sioulatlon of actual coaponcnt operating characteristics. 

The objectives of solid breeder Irradiation testing are long range In coaparison with soae other 
research areas but nevertheless iaportant In the greater context of fusion power's eventual viability. 
Issues such as tritlua self-sufficiency, blanket Integrity, and component llfetiae will only be further 
eaphasized as an actual 0-T fusion power plant ncars reality. 

At present, an international solid breeder test prograa has been initiated (BEATRIX) in which the 
FUBR-IB experiaent coapleaents irradiation testing conducted in thernal neutron reactors. In soae 
respects, the FUBR-IB experiaent Is an extension of a previous experiment which had nore Halted test 
objectives (FUBR-IA). 

The integrity and llfetiae of the solid breeder aay seea distant issues, but these issues force 
conproaises of solid breeder design and neighboring structural material design which are basic to the 
econoaic credibility of a fusion power plant. Now priae issues related to the swelling (or lack thereof) 
and breeder integrity are of Interest for specific solid breeder aaterlals; but issues such as Irradiation 
effects on tritlua recovery and nass transport also require resolution. 

Tests such as TRIO.Z LIU, LISA, EXOTIC. VON, and CRITIC^ are devoted to in-situ recovery with the 
greatest emphasis being placed on temperature transients and purge gas effects in a thermal reactor 
environment under low exposure, essentially startup conditions. In contrast, the FUBR-IS experiment 
utilizes closed capsules in a fast neutron environment to achieve moderate burnup levels as shown by 
comparison to some early FINESSE design goals in Table I.^ The FUBR-IB experiment has an additional 
objective which differentiates it froa other solid breeder tests in that temperature gradients have been 
aade purposely large by using some large diameter solid breeder pellets in order to simulate the tempera­
ture gradients found in actual blankets. The low cross-section for Li-< reaction, provided by the fast 
reactor neutrons, generates almost homogeneous heating throughout the pellets which Is necessary for 
establishing the proper teaperature distribution. Theraal stresses and swelling stresses associated with 
large teaperature differences in solid breeder pellets can produce substantial cracking which would 
otherwise be unobserved. Additionally, teaperature gradients and size are expected to influence the 
spatial dependence of tritlua retention. Finally, the upper temperature Halt of these solid breeder 
aaterlals aay be best evaluated under conditions of large temperature gradients rather than isothermally. 
For exanple, in the case of L10H vapor transport under isothermal conditions, the high vapor pressure of 
LiOH at high tenperatures leads to LijO deposition on the containment walls (metal). But In the case of 
temperature gradients, such depositions are expected to occur within LijO monoliths producing more 
realistic consequences. Also upper temperature Halts for LIAlOj and the other ternary ceramics have been 
proposed with only the weakest of technical Justification. Hence, irradiation testing under large tempera­
ture differences will provide a better definition of these limits. 
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Table 1. Comparison of design paraaeters 

Test Paraaeter 
FINESSE 
Blanket FUBR-U FUBR-IB 

Haterial 
Peak TrHlua Production (lOZO at/cc) 
Solid Breeder 
Teaperatures (*C) 

Lithiua Cross-Section (barns) 

Haterial 
Peak THtiua Production (lO^O at/cc) 
Solid Breeder 
Teaperatures (*C) 

Lithiua Cross-Section (barns) 

V^2° 
19 
8S0-S10 

IS 

LiA102 
70 
100O-3S0 

15 

LI2O 
11 
500* 
700* 
900* 
1 

LttlOz 
11 
soo* 
700* 
900* 
1 

Li20 
33 
1000-524 
663-450 
500. 700. 900* 
1 

LIAIO2 
33 
1127-600 
775-530 
500. 700. 900* 
1 

•Alaost Isotheraal, A T < 50*C. 

Design 

In Table 2, the test aatrix for the first Insertion of the FUBR-IB experiaent is provided. Actually, 
two separate subasseablies are utilized at the saae tiae for this testing. One subasseably contains seven 
pins for 1 ca diaaeter pellets that are very siailar to those of the FUBR-IA experiaent while the other 
subasseably contains three pins with 1.7 and 2.4 ca diaaeter pallets. The neutron fluence in Row 7 of the 
EBR-II reactor Is approxinately 6.2 x 10^2 n/ca2 (E > 0.1 NeV) at 900 FPO with a L1-6 spectrua-averaged 
cross-section of O.S to 2 barns. Becausa of the low cross-section for the L1-6 reaction, the self-shield­
ing within the pallets is predicted to be less than 5Z. 

Table 2. FUBR-IB test oatrlx for first insertion 

Haterial 

Reference Haterials 
Ll20 
LI2O 
LI2O 
L1A102 
LiA102. 
LIAIO2 

Large Brained and Low Density Haterials 
Li20 
LiA102 

Other Haterials 
Ll2Zr03 
LiaZrOj 
Li4Si04 
LIAIO2 Spheres 

*Alaost Isotheraal. A T • 

Haterials 

c SO'C 

Diaaeter 
(ca) 

2.4 
1.7 
1.0 
2.3 
2.3 
1.0 

1.0 
1.0 

I.O 
1.0 
1.0 
1.0 

Density 
(XTO) 

80 
80 
80 
80 
80 
80 

80 
80 

85 
80 
80 
60 

Brain 
Size 
(ua) 

80 
35 

2 
3 
2 
30 

Temperature 

(•c) 

1000-524 
663-450 
500. 700, 900* 
1127-600 
775-530 
500, 700., 900* 

700* 
500* 

600* 
600* 
500* 
700* 

In Table 2, the materials contained within the FUBR-IB experiment's first insertion pins are des­
cribed. The reference Li20 and LiA102 pellets were fabricated with a density of BOX by hot pressing and 
possessed less than 2000 ug/ga of metallic impurities. Chlorina and fluorine were maintained below 
ISO ug/gm. The moisture level was measured to be below 0.005 m o U with the carbonate as high as 0.34 molt 
U the Li20. The grain size of the reference LijO was 4 um; grain size of the reference liAlOj was less 
than 1 ua. In order to evaluate the effect of grain size on the tritlua and heliua release and other 



perforaence paraaeters, large grained saoples of Ll20 (80 na) and LIAIO2 (35 ua) were included. Early in 
the developaent of solid breeder aaterlals. it was thought that large grains would be detriaental to the 
release of tritlua froa the blanket; but aore recently this has been reconsidered. 

Since Ll2Zr03 was found to be a stable aaterlal which readily released tritlua during the FUBR-IA 
experiaent. continued evaluation in FUBR-IB was of Interest. A new zlrconiua coapound, LigZrOg, was 
Initially anthusiastlcally includad In tha test aatrix becausa of Its potential ncutronic advantages. 
However, LigZrOg was found to be unstable during conventional vacuua outgassing. as It disassociated into 
LI2O and Li4Zr04. Thus, its role In the experiaent dlainlshed to only one capsule. Ultimately, it was 
deteralned that by very slow vacuua outgassing, LigZrOg could ba annealed successfully. 

The use of sphere-packed LIAIO2 has been proposed as a aethod for constructing the coaplex solid 
breeder blanket configuration. In an atteapt to explore the feasibility of such a concept, stoichiometric 
LiA102 spheres were fabricated by plasaa spraying. In Figure 1. a SEN photograph of some of these spheres 
demonstrates their surface morphology as produced by quenching of the liquified LiA102. The diaaeter of 
these spheres was approximately 35 ua. 

10 vm 

Fig. 1. LiAlQ2 spheres prepared by plasaa spraying granulated LIAIO2 that was hot pressed. Notice 
the dendritic surface texture. 

FUTURE WORK 

The schedule for FUBR-IB provides for a 900 FPO irradiation of three pins which will likely end in 
1989. At the beginning of 1987 after 300 FPO of Irradiation, selected pins will be removed and replaced by 
pins specifically dedicated to the BEATRIX exchange program of lEA. The designed materials and their 
source are shown In Table 3. Spheres or pellets of LiA102, LI2O, Li2S103. Li4S103. and Li2Zr03 will be 
provided froa Japanese and European sources which will yield a direct coaparison between a variety of 
fabrication techniques. 

CONaUSIONS 

The FUBR-IB experiaent will significantly enlarge our understanding of the effects of temperature 
gradients and high fluence irradiation on the perforaance of solid breeder materials. This experiment 
provides a closer simulation of operating conditions in an actual fusion power plant's blanket with its 
higher burnup and larger dimensions. The spectrum of aaterlals now being irradiated and those provided by 
the BEATRIX exchange prograa allows a direct comparison of the solid breeder materials that can be fabri­
cated in the world today. 



Table 3 . BEATRIX/FUBR-IB t e s t matrix second inser t ion 

Capsule NateHal Source 
L1-6 Enr. 

(X) 
Diaaeter 

(ea) 

2.320 
1.643 

2.320 
1.661 

0.952 
0.952 
0.952 

0.941 

0.800 

0JS2 
0.952 
0.952 

0.952 
0:9S2 
0.952 

0.941 
0.952 

Density 
(tTD) 

73.5 
89.0 

89.0 
89.9 

88.8 
88.9 
89.3 

82.7 
. 90.0 
100.0 

74.10 
73.02 
75.48 

80.66 
80.63 
91.87 

80.83 
80.83 
81.65 

Goal Temp 
(C) 

1115 
975 

1150 
930 

700 
900 
500 

700 
700 
500 

700 
900 
500 

700 
700 
500 

700 
700 
500 

S4T 
S4B 

S5T 
SSB 

B8T 
BBC 

B9T 
B9C 
B9B 

BIOT 
BIOC 
BIOS 

BUT 
BllC 
BUB 

B12T 
B12C 
8128 

.LiA102 
Ll4Si04 

Ll2Zr03 
Ll20 

Li20 
LI2O 
LI2O 

LI2O 
LI2O 
Li20-sc 

LiA102 
L1A102 
LiA102 

Li2S103 
LIAIO2 
Ll4Si04 
Ll2Zr03 
LIAIO2 
Ll4Si04 

Saclay 
Karlsruht 

HEDL 
JAERI 

JAERI 
JAERI 
JAERI 

Springfield 
JAERI 
JAERI 

Saclay 
Saclay 
Saclay 

Karlsruhe 
Casaccia 
Karlsruht 

Springfield 
Casaccia 
Karlsruhe 

95 
95 

95 
56 

56 
56 
56 

56 
56 

7.5/0.07 

95 
95 
95 

95 
95 
95 

95 
95 
95 
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Table 3. BEATRIX/FUBR-IB test Matrix second Insertion 

Capsule Natarial Source 
L1-6 Enr. Diaaeter 

(ca) 

2.320 
1.643 

2.320 
1.661 

0.952 
0.952 
0.952 

0.941 

0.800 

0JS2 
0.952 
0.952 

0.952 
0:952 
0.952 

0.941 
0.952 

Density 
(XTD) 

73.5 
89.0 

89.0 
89.9 

88.8 
88.9 
89.3 

82.7 
. 90.0 

100.0 

74.10 
73.02 
75.48 

80.66 
80.63 
91.87 

80.83 
80.83 
81.65 

6oal Temp. 
(C) 

S4T 
S4B 

S5T 
SSi 

B8T 
B8C 
888 

89T 
B9C 
B9B 

BIOT 
BIOC 
BlOB 

BUT 
BllC 
BUB 

BUT 
B12C 
B12B 

.LIAlOa 
LI4SIO4 

Ll2Zr03 
LI2O 

LI2O 
LIzO 
LI2O 

• LI2O 
LI2O 
LI2O-SC 

L1A102 
LIAIO2 
LIAIO2 

Ll4Sia4 

L14S104 

Saclay 
Karlsruhe 

HEDL 
JAERI 

JAERI 
JAERI 
JAERI 

Springfield 
JAERI 
JAERI 
Saclay 
Saclay 
Saclay 

Karlsruhe 
Casaccia 
Karlsruhe 

Springfield 
Casaccia 
Karlsruhe 

95 
95 

95 
56 

56 
56 
56 

56 
56 

.5/0.07 

95 
95 
95 

95 
95 
95 

95 
95 
95 

1115 
975 

1150 
930 

700 
900 
500 

700 
700 
500 

700 
900 
SOO 

700 
700 
500 

700 
700 
500 
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perforaance paraaeters. large grained saoples of LI2O (80 ya) and LIAIO2 (35 ua) were Included. Early In 
the developaent of solid breeder aaterlals. It was thought that large grains would be detriaental to the 
release of tritlua froa the blanket; but aore recently this has been reconsidered. 

Since L12Z^43 M S found to be a stable aaterlal which readily released tritlua during the FUBR-IA 
experiaent. continued evaluation In FUBR-IB was of Interest. A new zlrconiua coapound. LigZrOg. was 
Initially enthusiastically Included In the test aatrix because of Its potential neutronic advantages. 
However. L1$ZrOs was found to be unstable during conventional vacuua outgassing. as It disassociated Into 
LI2O and Ll4Zr04. Thus, Its role In the experiaent dlainlshed to only one capsule. Ultioately, It was 
deteralned that by very slow vacuua outgassing, Ll^ZrOs could be annealed successfully. 

The use of sphere-packed LIAIO2 has been proposed as a aethod for constructing the coaplex solid 
breeder blanket configuration. In an atteapt to explore the feasibility of such a concept, stolchlooetrlc 
LiA102 spheres were fabricated by plasaa spraying. In Figure 1, a SEN photograph of soae of these spheres 
deaonstrates their surface aorphology as produced by quenching of the liquified LIAIO2. The diaaeter of 
these spheres was approxlaately 35 wo. 
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Fig. 1. LIAIO2 spheres prepared by plasaa spraying granulated L1A102 that was hot pressed. Notice 
the dendritic surface texture. 

FUTURE WORK 

The schedule for FUBR-IB provides for a 900 FPO Irradiation of three pins which will likely end In 
1989. At the beginning of 1987 after 300 FPO of Irradiation, selected pins will be renxived and replaced by 
pins specifically dedicated to the BEATRIX exchange prograa of lEA. The designed materials and their 
source are shown in Table 3. Spheres or pellets of LiAlOz, LI2O, Li2S103, Li4Si03. and Ll22ra3 will be 
provided froa Japanese and Eurqiean sources which will yield a direct coaparison between a variety of 
fabrication techniques. 

CONauSIONS 

The FUBR-18 experiaent will significantly enlarge our understanding of the effects of teaperature 
gradients and high fluence Irradiation on the perforaance of solid breeder aaterlals. This experiment 
provides a closer sioulatlon of operating conditions In an actual fusion power plant's blanket with its 
hi^er burnup and larger diaensions. The spcctrua of aaterlals now being irradiated and those provided by 
the BEATRIX exchange prograa allows a direct coaparison of the solid breeder aaterlals that can be fabri­
cated In the world today. 



Table 1. Coap«r1san of design paraaeters 

Test Paraaeter 
FINESSE 
Blanket FUBR-IA FUBR-IB 

Haterial 
Peak Trttlua Production (10^0 at/cc] 
Solid Breeder 
Teaperatures (*C) 

Lithiua Cross-Stctlon (barns) 

Haterial 
Peak Tritlua Production (lO^O at/cc) 
Solid Breeder 
Teaperatures (*C) 

Lithiua Cross-Section (b^ims) 

L120 
19 
850-510 

IS 

LIAIQ2 
70 
1000-350 

IS 

LI2O 
11 
500* 
700* 
900* 
1 

L1A102 
11 
500*. 
700» 
900* 
1 

LI2O 
33 
1000-524 
663-450 
500. 700, 900* 

LIAIO2 
33 
1127-600 
775-530 
SOO. 700. 900* 

•Alaost 1sotl.eraa1, ^J < SO'C. 

Design 

In Table 2. the test oatrlx for the first Insertion of the FUBR-IB experiaent Is provided. Actually, 
two separate subasseablies are utilized at the saae tiae for this testing. One subasseably contains seven 
pins for 1 ca diaaeter pellets that are very siailar to those of the FUBR-IA experiaent while the other 
subasseably contains three pins with 1.7 and 2.4 ca diaaeter pellets. The neutron fluence in Row 7 of the 
EBR-II reactor Is approxlaately 6.2 x lO'Z n/caZ (E > 0.1 NcV) at 900 FPO with a L1-6 spectrua-averaged 
cross-section of 0.5 to 2 barns. Because of the low cross-section for the L1-6 reaction, the self-shield­
ing within the pellets Is predicted to be less than 5Z. 

Table 2. FU8R-18 test aatrix for first Insertion 

Haterial 

Reference Haterials 
LI2O 
LI2O 
LI2O 
LIAIO2 
LIAIO2 
LIAIO2 

Large Grained and Low Density Haterials 
LI2O 
LIAIO2 

Other Haterials 
Li2Zrfl3 
L1aZrO( 
Li4Si04 
LiAlOj Spheres 

•Alaost Isotheraal. A T < SO'C 

Diaaeter 
(ca) 

2.4 
1.7 
1.0 
2.3 
2.3 
1.0 

1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

Density 
(XTD) 

80 
80 
80 
80 
80 
80 

80 
80 

85 
80 
80 
60 

Grain 
Size 
()«} 

80 
35 

2 
3 
2 
30 

Teaperature 

CC) 

1000-524 
663-4SO 
SOO, 700, 900* 
1127-600 
775-530 
500, 700.. 900* 

700* 
500* 

600« 
600* 
SOO* 
700* 

Haterials 

In Table 2. the aaterlals contained within the FUBR-IB experioent's first Insertion pins arc des­
cribed. The reference LI2O and L1A102 pellets were fabricated with a density of SOX by hot pressing and 
possessed less than 2000 ug/ga of oetallic iopurities. Chlorine and fluorine were maintained below 
ISO ug/ga. The moisture level was measured to be below 0.005 oolZ with the carbonate as high as 0.34 oolZ 
In the Ll20. The grain size of the reference LiaO was 4 um; grain size of the reference LIAIO2 was less 
than 1 ua. In order to evaluate the effect of grain size on the tritlua and heliua release and other 


