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MARS RICR TEMPERATVRE BLAWKET

1. D. Gordon, D. B. Berwald, B, A, Flanders, J. K. Garmer, 5. C.
Mortenson, TRW Energy Development Group; J. F. Parmer, C. A. Sink,
3, €. Yu, X, L, Agarval, S. Dharmarein, General Dynamics; N, M,
Ghoniew, U.C,L.A.; N, J. Boffman, £.7.E.C., Rockwell Interpational

The MARS high tewperature blenket is designed for the dual applica-
tions of either high efficiency electricity production »r process
heat for synthetic fuel production. Other blanket des n goals

are tritium self-sufficiency, low tritiup inventory, mo  than 407
of the blanket emergy extracted at high energy, long lifetime in
the neutron environment, no use of reactive liquid metals. minimiza-
tion of lopg term activation and yse of characterized mat -ials and
fabrication techniques. This challenging set of goals has been met
vith a novel blanket design thar uses radial zoning and the unique
properties of the lead-lithium eutectie, Pbgiliyy, &s a coolant/
nevtron multiplier/breeder. During the first year of 18RS, the
blanket design was optimized for electricity production. A =opti~
wization for the synthetic fuel application is in progress,

Twenty~four blanket modules, each 6,32 meters long, make wp t

tanden mirroy central cell. A4n dsometric of the module is she

in the figure. The modular design allows rapid changeout of all
central cell components. The blanket 15 radially zoned to waintain
the metallic etructure at moderate temperature. The fromt zone of
the blanket has an HT-9 ferritic steel structure cooled by Pbgiliyy.
AT-% was chosen because of its excellent wechanical properties, lov
swelling, compatibility with PbgiLiyy #nd ralatively lov long term
sctivation. The Pbgiliyy cools the structure to a maximum temperature
of 520°C while also serving as a meutron multiplier and supplemental
tritiwm breeder. About 527 of the emergy incident on the blanket is
deposited in the froat radiel zone. A smell heat leak from the

high temperature zome, causes 54X of the energy to be extracted in
the Fbgqlis; coolaat., The PbyiLiyy enters the blanket at 372°C and
exits at 432°c. The upper temperature was chosen for HT-3/Pbgiliyy
compatibility and for thermal creep ressons. The lower temperature
was chosen to mininize vadistion embrittlepent of the steel. The key
radietion effects problem Is shift of DBTT or radiation embrittlement;
this problem 45 smelioriated by sixty hours of annealing at a uniform
tezperature of 430°C performed during an annusl mainrenance period.

The high tewperature blanket gone is composed of 12 circumferential
HT-9 pods that are thermally insulatedl from the emergy absorbing
saterisl. A porous silicon carbide (80% TD) pebble bed impregnated
with 2 atopic X enriched L4A30; i used for energy absorption,
Placing the tritium bresding materisl in the high temperature zeme
increases the fraction of high temperature heat. Enriching the
breeding material to 907 in SLi sllows it to be present in low
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concentration and eliminate eintering of the breeder. Tiie zone is
cooled by 80 atmosphere helium with an outlet temperature of 900°C,
The maximum pebble temperature is about 980°C. This high temperature
increases the speed of tritiwm diffusion and allows moderate LiAlD,
grain sizes of 50 yw. The preclusion of thermal sintering and the
insolubility of tritium in SiC along with fast thermal diffusion
Tesults in an estimated tritium fnventory in the blanket of 25 g for
3500 Mw of fusion power. This new concept of enriched LiAlO; in a
S1C matrix has significantly improved the performance of high temper~
ature blankets.

The MARS blanket is designed for a neutron wall loading of 5 MW/l
accompanied by a surface heat flux of 6 W/em?. Neutronics analyses
show that the tritium breeding ratio at beginning of life is 1.13;
the TBR decreases to 1.06 after 4 years. Energy multiplication is
1.15, About 90% of the tritium breeding occurs in the LiAl0; with
the rest occuring in Pbgylijy. Radiation damage to the first wall

is at 70 dpa/full power year, Bowever, the radiation resistance of
AT-9 combined with a swelling-tolerant design should allow a lifetime
in excess of 200 dpa or 4 calendar years.

The blanket has been inteprated with a combined Brayton and Rankine
energy conversion cycle to produce electricity with a thermal
efficiency greater than 45% including helium compression and pumping
and lead-lithium pumping. The combination of high thermal efficiency
and reasonable blanket costs result in a relatively low cost of
electricity. Blanket costs are dominated by the cost of silicon
carbide. Blanket producibility studies have shown that the design is
fabricable with standard techniques that are in current practice.

Work funded under LLNL Contract 5299101.
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