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DATE: May 18, 1973

TO: All Attendees

FROM: A. N. Goland

SUBJECT: Minutes of Meeting

Minutes of the CTR Electrical Insulator R. & D. Meeting

Brookhaven National Laboratory

April 5-6, 1973

Those attending the meeting were; M. V. Davis, R. G. Hickman, S. D.
Dahlgren, W. C. Gough, L. Price, J. H. Walter, W. Williams, C. J. McHargue,
F. Tenney, F. W. Clinard, Jr., J. L. Bates, J. M. Bunch, R. A. Krakowski,
A. A. Bauer, D. Moran, A. N. Goland, G. J. Dienes, P. W. Levy and J. Skalyo,
Jr.

The meeting followed the agenda with minor modifications in scheduling.

W. C. Gough opened the meeting by reminding the attendees that the

primary subject would be the insulator requirements for the theta-pinch

reactor. He introduced Lester Price who has joined AEC-CTR to oversee the

insulator needs for fusion reactors.

LASL - R. A. Krakowski

Mr. Gough was followed by Robert Krakowski of LASL who provided a

lengthy and detailed summary of the latest 8-pinch parameters and related

insulator needs. The substance of his talk is contained in the LASL report

entitled "The Status of the RTPR Engineering Design: An Update", by W. R.

Ellis, R. A. Krakowski, T. A. Oliphant, Jr., and F. L. Ribe. This report is

available upon request from the authors.

The major changes in the present Reference Theta Pinch Reactor (RTPR)

design are 1) an increase in the first wall radius from 30 to 50 cm in order to
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reduce thermal loading, and 2) relocation of the implosion (formerly called

"shock") heating coil to a site outside the blanket. The maximum compres-

sion field is now HOkG rather than 150kG.

Calculations of first wall thermal and radiation flux loading were

based upon the decision to limit the neutron load at the first wall from

2
unco Hided 14 MeV neutrons to 3.5 MW/m . This corresponds to a 6-sec. cycle

2
time. For a 10-sec cycle time the wall loading is 2.01 MW/m and the uncol-

n 2
lided 14-MeV neutron current averaged over the cycle is 8.91 x 10 n/cm sec.

1 £ 2

The instantaneous current during the 0.080 sec. burn is 1.10x10 n/cm sea and

the average neutron flux is 8.14x10 n/cm sec. It was observed at this point

that the instantaneous flux could be as much as two orders of magnitude higher

at some time during the cycle. Therefore, it may become important to investi-

gate the dose-rate dependence of neutron damage to insulators.

In the present RTPR the maximum azimuthal field is expected to be 650 kV.

The core will consist of 100 segments so that E. will be 6.5 kV per segment.

For this case the radial electric field will be 250 V/mil, corresponding to an

alumina thickness of 0.3 mm. For this thickness, first-wall heat transfer cal-

culations under various assumed cooling times were carried out. Irrespective

of cooling time, the plasma/Al-0, interface experiences a temperature increase

of about 300K during an assumed 0.120 sec. burn. Since the initial temperature

of the A1.0 is HOOK, the maximum will be about. 1400K. However, the A1.0 has

to perform as an insulator primarily when at HOOK. For a 1 sec, cooling time the

thermal gradient across the alumina will be 80°C; for a 2 sec. cooling time it

will be 40°C.

There was some discussion of the time scale for solution of the insulator

problem. It was explained that the SFX (= scientific feasibility experiment)

is scheduled for the period 1980-82. The reactor at that time is likely to

have a glass liner and to operate at rather low temperatures relative to those,

associated with the RTPR.



-3-

A correction was made to the LASL transmutation product calculations

for Al-0,. The earlier values were given in an addendum to the minutes of

the October, 1972 CTR Electrical Insulator R and D meeting. The error was

27 2

in the Al(n.d) reaction, which was said to yield 2022 at. ppm of H and

*" Mg. The corrected value is 269 at. ppm. Thus the yearly accumulations

of four major impurities are now:

He 5179 at. ppm

H isotopes 3784 at. ppm

Mg isotopes 3502 at. ppm

C isotopes 3760 at. ppm

The difference in Al and 0 burnup rates leads to a 323 at. ppm per year

shift toward an Al excess.
All of the above values refer to calculations made for the earlier

2
design (first wall radius 30 cm, 3.5 MW/m ). Calculations have not yet

2
been made for the modified design (50 cm radius, 2.0 MW/m ).

On April 30, F. W. Clinard, Jr. transmitted a formal statement of

LASL Insulator Requirements, which is appended here.



Insulators Required for the
Los Alamos SFX and RTPR Fusion Devices

Los Alamos designs for the Scientific Feasibility Experiment (SFX)

and the Reference Theta Pinch Reactor (RTPR) call for an electrical

insulator at the inner surface of the first wall. Conditions expected at

the insulator are given for both devices in the accompanying table.

Environmental conditions are not severe for either the D- D or

D-T experiments scheduled for the SFX. Three potential problem areas

for insulators have been considered and will be evaluated on a continuing

basis. First, the ~ 8 KeV plasma will be dumped to the wall after the

burn, depositing an energy of ~ 15 J/cm . Past experience at LASL with

plasma energy dumps of this order of magnitude indicates that wall damage

will not be significant. If the need arises in the SFX for a liner which is

more refractory than the fused silica presently envisaged, no major

fabrication or procurement problems are anticipated. A composite first

wall of the kind required by the RTPR will not be necessary, since

there is no need to accommodate a continuing flow of large amounts of

heat in the SFX.

The second potential problem area is release of adsorbed gases

from the inner insulator surface during an experiment, resulting in

contamination of the plasma. A high-temperature (~800°K) bakeout

might be required to prevent this, and could in turn necessitate the use

of a more refractory discharge tube.

The third problem arises from the fact that hot ions may impact

the wall, resulting in sputtering. This difficulty can be minimized if

use is made of plasma containment and cooling principles developed for

the RTPR. If not, the consequent erosion may make it necessary to

change the discharge tube regularly. Plasma contamination by sputtered

wall material is not expected to be a problem, since the hot ions will

reach the wall only after a burn is ended, and the contaminants will be

swept away before the next experiment. .
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In summary, it presently appears that no major insulator problems

(i.e., those which require R&D) will be encountered in the SFX.

Nevertheless, it may be desirable in the latter stages of the experiment

to utilize a first wall similar to that proposed for the JIT PR, in order

to gain experience with that more complex design.

RTPR

Conditions at the first wall of the RTPR will be severe (see table),

and constitute a major problem area. Choice of an insulator to serve as

the first wall liner is receiving considerable attention, and was the

principal topic at the BNL meeting.

Alumina (Al-O,,) has been chosen as the reference insulator

because it is a relatively well-characterized high-temperature dielectric.

Al-O,, is not necessarily the best choice, and many other materials are

under consideration.

Design values chosen for the first wall insulator in the RTPR

are as follows:

thickness 0.030 cm
dielectric strength 100 kV/cm
thermal conductivity 0.1 w/cm °K
heat capacity 5.0 J/cm3 °K

density 3.8 gm/cm3

The last three parameters are close to those for A1OC< at 1100°K.

In addition to the first wall application, insulating material is

required in the RTPR to electrically isolate the graphite moderator

blocks in the fusion blanket (in order to reduce eddy current losses),

and to separate the windings of the compression coil. In the former

application, the operating temperature will be ~1100°K and the irradiation

fairly severe, but thermal shock and electrical requirements should

both be low. The compression coil insulators will operate near room

temperature, at low voltages, and at comparatively low irradiation

levels, but irradiation may still be too severe for organic insulators

to be usable.
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Conditions at the First Wall Insulators of the
Los Alamos SFX and RTPR Fusion Devices

Parameter

average neutron flux

instantaneous neutron
flux

neutron fluence in one
year

bremsstrahlung absorbed
per pulse*

neutron heating per pulse*

gamma heating per pulse*

plasma heat dump per
pulse

burn time

burn frequency

first wall radius

base operating temp-
erature
temperature rise at inner
surface*

temperature difference
across insulator (max. )#
number of ions
impacting wall

SFX
D-D
1 x 10?
(2. 45 MeV)

12 2
4 x 10 n/cm
sec
3 x 1014 n/cm2

0. 5 J /cm 2

~ 0

~ 0

15 J /cm 2

12. 5 m sec

20 per day

10 cm

RT

t

t

t

D-T
1 x 109
14 MeV)

5 x 1 0 n/cm
sec

1 fi 2
3 x 10 n/cm

0.5 J /cm 2

~ 0

~ 0

15 J /cm 2

12. 5 m sec

20 per day

10 cm

RT

t

t

t

RTPR

8 x 10*4 n/cm2 sec
(spectrum—max. 14 MeV)

1 fi o
8 x 10 n/cm sec

2. 6 x 10 n/cm

43.0 J /cm 2

6. 9 J /cm 2

3.0 J /cm 2

131 J /cm 2

~100 m sec

6 per minute

50 cm

800 °C

310°C
(2 sec. cooling--no Li flow
until 2.1 sec.)

40 °C

~ 0

* for A12O3

t Because of the experimental nature of SFX, values for these parameters will be variable.
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LASL Status Report

F. W. Cllnard, Jr. and J. M. Bunch

Two studies are underway at Los Alamos. The first involves 5-MeV proton

bombardment of alumina at high temperatures and the second consists of pulsed-

Voltage dielectric breakdown measurements.

The furnace for proton irradiations has been built but no experiments

have been performed yet. A shutter will be used to simulate pulses in the

theta-pinch reactor, and beam degraders will be utilized to create homogeneous

damage throughout the irradiated specimens. The latter will be 0.002 inches

thick and 0.5 inches in diameter. The proton current will be 2.7 ya passing
2

through a 0.3 cm diameter aperture (this is a current density of "v38 ua/cm ),

and it will produce about 100 dpa/yr. Some heating problems arising from the

proton pulses are anticipated, and temperature sensing by means of thermo-

couples may be difficult. Electrical contacts will be made by vacuum metal-

lizing and the use of flat mechanical contacts.

It is intended to compare the effects of the proton irradiations with

those of 14-MeV neutrons first by means of optical absorption measurements,

and then by electrical measurements. To this end Clinard and Bunch had samples

of Linde uv-grade Al»0 irradiated at the LLL 14-HeV source for 40 hr. to

average fluences in the range 6-18 x 10 n/cm . Exact fluences are not

known owing to the occurrence of inadvertent lateral beam drift in the ICT

accelerator at Livermore. The samples were found to have colored so heavily

that they had to be thinned in order for absolute measurements to be made.

The data differ from those of P. W. Levy (BNL) taken 10 years ago following

a fission-neutron irradiation. However, this difference could easily be

attributable to differences in sample purity.
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Bunch also described his plans for dielectric breakdown measurements.

The equipment is about ready to run, and the first experiments will consist

of pulsed breakdown measurements as a function of temperature.

BNL Status Report

A. N. Goland. J. Skalyo, Jr., P. W. Levy and G. J. Dienes

A brief summary of the facilities to be used in the RNL program was

given by Allen Golaud. He described the electron accelerator to be used

for studying the effects of ionizing radiation on insulators and the Co

source which is instrumented for a variety of experiments on nonmetallic

solids. Preliminary experiments at the accelerator have revealed deficien-

cies in the beam stability and transport aystern. Work is progressing on

methods for overcoming these problems.

John Skalyo explained BNL plans for preliminary electrical measurements

to establish reproducible techniques. The wide variations in published data

indicate that such parameters as the avnbient atmosphere, oxygen partial pres-

sure and electrode material can profoundly influence results. A tube furnace

will be used initially to reach 800°C. Emphasis will be placed on measure-

ments of samples in reducing atmospheres which are relevant to the hydrogen-

like environment in a CTK. Upon degradation of electrical properties, the

possible curative effects of an oxygen atmosphere with time may also be

investigated. Electrodes will be made by painting an Engelhard platinum

paste onto the samples. The use of platinum was given as promoting

an ohmlc contact. The sample dimensions will be compatible with those

required by the furnace under construction by P. W. Levy for electron

irradiations..
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P. W. Levy described the unique facilities at the Co source and at

the electrc.i accelerator. By means of these systems it is possible to

measure optical absorption and radioluminescence in situ during irradia-

tion. A furnace which will permit such measurements up to 1000°C is ready

to be tested a<- the accelerator. It will be modified at the appropriate

time to accommodate an electrical conductivity cell for ijn situ measure-

ments of that parameter also. This will occur after John Skalyo has satis-

fied himself that a suitable standard technique for electrical measurements

has been established and is acceptable to others in the CTR insulator program.

Jay Dienes described the plans for theoretical investigation of defects

in A1-0-. In collaboration with others at CUNY-Queens and Princeton University

he is in the initial stages of developing a satisfactory potential for alumina.

Thus far it has been possible to reproduce the cohesive energy to within about

2% and the compressibility to within 10%. The eventual goal is to be able to

calculate formation, migration and binding energies of defects In Al_0_.

A. I. - John H. Walter

John Walter described the history and significance of SCB glass citing

the accumulated experience gained since its Introduction as a H. barrier for

the SNAP reactors. The principal advantages of the glass are:

1. irradiation stability,
2. insensitivity to trace impurities and high He permeability,
3. reasonably good electrical properties,
4. coatability of complex shapes.

Its principal disadvantages are:

1. low thermal conductivity,
2. undeveloped coatability of refractory metals,
3. moderate temperature capability.

Although it has only been cast In thin coatings not comparable to the

21 2
0.3 mm RTPR parameter, it has withstood neutron fluences up to 10 n/cm without

peeling or blistering.
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The SCB glass program for LASL has consisted of the following research:

1. determination of electrical properties, i.e. breakdown voltage,
dielectric constant and electrical resistivity to 800°C,

2. 1-MeV proton irradiations,
3. development of coatability of refractory metals,
4. new frit formulations.

Details of the electrical measurements can be obtained from John Walter at A.I.

Some progress has been made on coatability. It has been found that Nb - IZr

is coatable with SCB glass, and TZM - lZr is coatable with a new frit formulation.

The proton irradiations were performed on samples 0.003 inches thick. The

particles stopped in the samples so the damage was inhomogeneous. The beam

2 18 19 2

power density was 150-250 W/cm , the fluences were between 10 and 10 p/cm ,

and it was estimated that this exposure produced 1-9 dpa. Nonuniform damage was observ-

ed but could not be related to beam or temperature instabilities. It may have been

caused by water vapor formation. To test this hypothesis a new frit formulation

has been developed in which Ti0~ is replaced by S10. or CaF_. The properties of

these new glasses are under investigation. It has been determined that baking

in a 100 percent hydrogen atmosphere does sot have a profound effect on the

properties of these new formulations. Preliminary dielectric strength data taken

in 5 percent H, atmosphere indicate a d.c. strength of 125-375 V/mil and a pulsed

breakdown strength of 200-500 V/mil. A few additional experiments will be con-

ducted before funds run out. These will probably include proton irradiation,

electrical measurements, evaluation of irradiated specimens, thermal shock

studies, breakdown measurements and determination of the coefficient of expan-

sion of some of the new frits.

Georgia Tech - Monte Davis

Dr. Davis reported preliminary results of dielectric breakdown strength

measurements on BeO and A1,Q_ as a function of temperature and thickness. He

has found that a 1.7kG field slightly improves the breakdown strength of 0.3mm

thick Al20 between 400 and 1200°C, At 400°C the breakdown strength is 875 V/mil
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and at 1200C it is about lOOV/mil Davis speculates that the influence of

the magnetic field on carrier orbits may be responsible for the improvement

in breakdown strength.

PNL - S. D. Dahlgren

Shelley Dahlgren presented some qualitative information about the cap-

abilities of sputtering ror materials preparation, with primary emphasis on

r.f. sputtering. He emphasized that high-rate r.f. sputtering can produce

samples of any desired thickness and of unusual compositions. A special

triode configuration for insulator r.f. sputtering has been, developed.

Using this technique Dahlgren has been able to produce yttria layers 1 to

5 microns thick on niobium. Pre-etching of the substrate by first making

it the target subsequently leads to better bonding of the sputtered material

to the substrate •

The sputtered specimens generally exhibit a fine grain size, although

the grain size is a function of temperature and can be altered. It may be
o

this fine grain size (50-100A) which accounts for the observation that voids

were not produced in sputtered nickel irradiated with neutrons at high

temperature.

Dahlgren suggested as one application of r.f. sputtering the deposition

of an insulating layer on the insides of pipes through which lithium must flow

as in the mirror-machine design. This example underscores the fact that r.f.

sputtering can be used to produce coatings of complex shapes.

PNL - J. L. Bates

Lambert Bates reviewed facilities at PNL for making electrical and

thermal conductivity measurements. He can make rapid thermal conductivity

measurements on insulator-metal composites. In addition, his group has broad

experience in making electrical conductivity measurements at high temperatures
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on maiy oxides such as PuO, and Al,0 . By virtue of this experience they have

developed an understanding of ihe pitfalls of making such measurements. Bates

emphasized that care must be taken to minimize a number of undesirable effects:

1. non-ohmic effects arising from polarization and appearing as
time-dependent V-I characteristics,

2. diffusion and decomposition effects,
3. gas absorption and adsorption,
4. gas conduction around the sample,
5. surface conduction, and

6. impurity and grain boundary effects.

Finally, the whole question of electronic versus ionic conductivity needs

inves tigation.

Numberous reports are available from PNL. Perhaps the most important one

to mention is a comprehensive bibliography dealing with the subject of high

temperature oxides. This report is available at PNL from R. Gordon and

J. Lambert Bates, and at HEDL from L. Phillips.

Battelle (Columbus) - A. A. Bauer

Dr. Bauer suggested the technique of pressure bonding as a means of

fabricating the wedge sections of the RTPR. He feels that this method could

prove especially va1uable for bonding the insulator to the exterior surface

of each section.

Bauer reviewed briefly some programs at Battelle (Columbus) relevant to

insulators:

1. The coating technology laboratory where sputtering, ion plating,
chemical vapor deposition (CVD) and plasma spray coating are
performed.

2. Studies of creep in ceramics such au UO2, HfO2, ZrTiO2 coupled
with creep modelling calculations and radiation effects research.

3. Metals and Ceramics Information Center (MCIC). This program is
headed by Dana Moran and more Information can be obtained from
him at Battelle-Columbus.

Bauer pointed out that industrial information on ceramics, while generally

hard to find, is often very valuable. He suggested that this should be borne

in mind when the properties of new ceramics are being sought.
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LLL - R. Hickman

Dr. Hickman described one of the insulator requirements for the mirror

machine. This Involves the continuous coating of the coolant tubes with an

insulating material so as to minimize the problem of pumping a liquid metal

across field lines.

A program to investigate various insulators is underway at LLL and involves

the following considerations:

1. choice of materials, e.g. CaO, BN, A1N,
2. characterization of materials properties,
3. check on compatability with molten lithium and refractory metals -

various combinations will be sealed in tungsten crucibles and
heated for one month at 1000°C,

4. study of liquid metal alloy corrosion compatability with ceramics
and refractory metals,

5. consideration of shifts in compatability arising from transmutations,
e.g. in a reactor

Ca -> Cl, Si

0 •* F, C
i I1

B -> He, 'Li, C (B enriched in B could be used, yielding mostly carbon)

N -+• C, B

Al •> Si, Mg.

6. consideration of ways to enhance tritium recovery from molten lithium
by addition of ions such as Al or Sn to the liquid.

Details of this program are contained in UCRL-51010 by Hoffman and Carlson,

February 1971.

Subsequent to this meeting Dr. Hickman forwarded a letter summarizing all

anticipated insulator needs for mirror machines. It is included here as part

of the record.
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LAWRENCE UVERMORE LABORATORY

April 16, 1973

Dr. Allen N. Golan<3
Associated Universities, Inc.
Brookhaven National Laboratory
Upton, New York 11975

Drjar Allen:

In response to Bill Gough's request, we have put together a summary
of mirror machine insulator needs for inclusion in the minutes of the April
3 and 6 meeting. This resulted from discussion with Dick Werner and members
of his CTR Technology Group. These needs may be broken down into two cate-
gories: those that are absolute requirements and those we feel to be very
desirable but not required. Beyond this subdivision, we can also think about
at least three time frames: one vhich is appropriate for mirror experiments
in the present and near future, one for scientific (plasma) feasibility de-
monstration in several years, and one for a zero (or even negative) net
power demonstration reactor beyond this.

For the plasma physics experiments in the first two time frames, there
nre r.o insulator needs we have been able to identify. For the demonstration
reactor, which would include all the reactor components and be fueled with
DT, we foresee one need we would put in the requirement category and two
others that we feel to be desirable.

The requirement we have is in the high voltage direct converter. To
provide the large amount of circulating power required for a mirror reactor,
direct conversion of the energy in the plasma ions escaping through the
mirror is a necessity. The insulators would be in the collector region and
have the appearance of conventional high voltage components. They, are out
of the neutron field, but still will operate at temperatures up to about
1000°K. They may receive sputtering products which would tend to short
them. Either shielding or even higher operating temperatures may be required
if this is the case. Potentials up to 2.4 x 10° volts must be maintained
across bushings about 2 meters long. We believe this requirement can be
met fairly easily. Further details may be found in the report by B. Smith,
et. al., UCKL-'jkoh'f, which was presented at the Texas meeting last November.

The other needs we have are less critical but more difficult to meet.
Their purpose is to retain design flexibility which, in turn, may produce
the lesnt expensive reactor.

UniversityotCalifornia PO.BoxSOB LivernmreCalitoinid 94550 O 7elephone(415}447 1100 O Telex34 6407 AEC LLL LVMRO Twx910 386 8339 AECLLLLVMR
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Th'- Tir::t of ther.i-: needs is for insulators in the hitfh volt.'w MIVH.-IVI-
\.<J<- <A' 'i neutral bfeain injector. We would like to have this Mocelrrnlor li-
able to look directly into the center of the confined plasma. This exposes
the equipment to neutrons, with an energy spectrum similar to that at the
first wall, but at a lower flux, since the beam machines sit outside the
magnetic coils. These insulators will operate hot, with high voltages
applied across them, but the field strength has not been established. In
lieu of developing a suitable insulator, the accelerator portion of the
beam machine can be changed rather frequently (if degradation is due solely
to transmutation) or the beam may be bent before it is neutralized and
injected into the reactor.

The second desire for insulators is in the blanket eoo]nnt tuber,.
While we have the option of using other coolants, we would like to retain
the possibility of using liqui. metal coolants which deviate from magnetic
field lines without a MHD pumping penalty. This requires a continuous
liner of insulating material inside the coolant tubes. It must be chemi-
cally compatible with the liquid metal coolant. It must be able to survive
cool-down without cracking. It must survive the blanket radiation environ-
ment, and should maintain an electrical conductivity less than 1C"5 that
of the tube wal3 at the blanket temperature. The fraction of liner aroa
which consists of pinholes, cracks, or metallic inclusions should be less
than 10"5. it, is not necessary for the liner to be bonded to tho tube
wall, but that may prove to be a convenient way to fabricate it.

These last two items would have the same specifications in a full scale
power reactor, I think, but we would demand longer service lives, and the
neutron flux would probably be higher. If we had to, we could relax the
specification on tube liner continuity for a demonstration reactor, but
not for a power reactor.

Thanks again for a very enjoyable meeting.

Very truly yours,

R. G. Hickman
Inorganic Materials Division

Chemistry Departnent

RGH:acw

cc: 0. Krikorian
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LASL - R. Krakowski

Radiation effects on alumina and yttria were investigated at LASL in the

thermionic power generation program. Dr. Krakowski summarized the findings

reported in 1972 by W. A. Ranken, T. G. Frank and G. W. Keilholtz in the paper

entitled "Effect of Fast Neutron Irradiation on Alumina and Yttria". The

abstract and conclusions of this paper are included here.

ABSTRACT

Thin-walled and solid cylinders of commercially available alumina as well

as thin-walled cylinders of yttria have been irradiated in the Experimental

21 2
Breeder Reactor to a maximum fast-neutron (Eu> 0.1 MeV) fluence of 9.8x10 n/cm

at temperatures ranging from 500 to 1200°K. Macroscopic volume changes as large

21 2as 10.5% at 7x10 n/cm were observed for alumina specimens containing silica

and calcia in the grain boundaries. However, specimens with high purity and

small grain size exhibited about two-thirds less swelling at the same fluence.

Modulus-of-elasticity and vacuum-integrity determinations indicate that for a

volume increase of 3% the modulus decreases by almost 50% and the probability

of vacuum leakage is high. Yttria specimens of both 4 and 40 urn average grain

size suffered no dimensional increase and no apparent change in the modulus of

elasticity. The results are discussed in terms of their significance to therm-

ionic reactor design.

Conclusions

The results of irradiation testing demonstrate that the alumina specimens

maintain vacuum integrity up to a volume swelling of ^3%. For high-purity

material with an average grain size of 3 to 5 ym such volume swelling is pro-

21 2
duced at 1020°K by a neutron fluence i> 6x10 n/cm (E > 0.1 MeV). Allowing

some margin for data spread, the results suggest that neutron fluence over the

21 2desired lifetime of the reactor should not exceed * 4 x 10 n/cm for designs

in which vacuum integrity of the ceramic material is essential. At this fluence
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level the modulus of elasticity of the beat alumina tested (AD 999) will have

dropped ^ 30% and the associated loss of strength is unlikely to be a serious

consideration.

There is evidence to indicate that the variation of swelling rate observed

for different alumina bodies results from variations in both average grain size

and impurity level. Alumina with an average grain size in excess of "v 10 um

and with a silicon impurity level in excess of 0.05% should be avoided in

thermionic-fuel-rod construction.

The amount of dimensional change of alumina that can be tolerated in

ceramic-metal sheath configurations is currently under active investigation.

Conceivably, debonding of the collector-ceramic interface could reduce the

allowable neutron-fluence limitations for some configurations.

Debonding of the collector-ceramic interface is likely to be much less

of a problem for ceramic-metal sheath configurations using yttria, because this

material exhibits essentially no dimensional change at 1020°K. Neither does it

exhibit any significant loss of strength. However, its strength is not very

great to begin with, so special intercell-insulator and ceramic-metal sheath

configurations may be required for successful application of this material to

thermionic-fuel-rod construction. A key question yet to be resolved, is the

resistivity behavior of yttria when voltage is applied for long periods of time

at ^ 1000°K, particularly in a fast-neutron irradiation environment.
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Princeton Plasma Physics Laboratory
Contribution, by letter, from F. H. Tenney.

Tokamak Insulator Needs

There are no insulator requirements for a tokamak reactor

envisioned at this time that would require a major R & D effort.

Historically, tokamaks have contained a ceramic break in

the toroidal circuit made by the vacuum vessel containing the discharge.

Use of such a break has been largely one of convenience. Application of

high frequency ( 100 KH ) fields for breaking down the initial gas to form a

plasma was facilitated by using the vacuum vessel itself as an antenna.

Measurements of plasma current were easier if vacuum wall currents could

be reduced, particularly for low plasma currents. Relatively thick vacuum

walls could be used without dissipation of too much ohmic heating power if

a ceramic break was used.

For the larger tokamaks, and certainly for tokamak reactors,

the problems of fabricating large diameter insulators looms larger than the

convenience gained. The larger devices will be using higher temperature,

and hence less resistive, plasmas and higher discharge currents. Hence,

the vacuum wall currents will be of less relative importance. The larger

scale will facilitate the mechanics of locating possible diagnostic elements

or antennae inside the vacuum wall. There is a question of the possible use

of high frequency plasma heating, stabilizing or control fields of some sort.

Certainly a continuous vacuum vessel would inhibit the penetration of high

frequency fields. However, this area of plasma research is too uncertain
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at present to be able to relate it to the specification of insulator needs.

Finally, the insulators to be used on possible neutral injection

apparatus will be located outside the vacuum vessel, probably outside the

blanket of a reactor, and hence readily accessible to replacement. The

details of design will bear significantly on the insulator requirements, but

for insulators outside the vacuum vessel, the requirements should be relatively

easy to meet.

cc: Wm. Gough
AEC, Washington
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INSULATOR REQUIREMENTS FOR ORNL REFERENCE TOKAMAK

The ORNL reference design for a TOKAMAK having a wall loading of 1 MW/m'

has the following insulator requirements.

1. In order to reduce the magnetohydrodynamic pumping losses, Fraas has proposed

insulating baffles to break the by-pass currents (ORNL-TM-3756, September 1972).

The electrical resistance required of such baffles is modest and a design

having a layer of A12O3, TiO2, or ZrO2 sandwiched between 0.015 to 0.020 in.

niobium sheets has been suggested. The major problem anticipated is

dimensional stability due to radiation and thermal stresses. The insulator

will not be in contact with lithium.

2. Insulators will be required between the refractory metal segments to reduce

eddy-current losses. Again the electrical resistance required is low and the

major problem is dimensional stability.

3. The neixtral beam injectors require good electrical insulators. In ORMAK an

epoxy-f iber glass composite is adequate. A better insulator will probably be

required for SCORE and the reference TOKAMAK. However, radiation damage is

expected to play a minor role and adequate materials are available. If the

injector is 5 meters from the center of the plasma on line-of-sight through

a 30-cm diameter port, the estimated flux of neutrons is about 10 1 1 n/cm2-sec,

or a fluence of only 3 x 10 1 8 n/cm2 per year.

<+. The insulator for the superconducting magnet coils will be exposed to a

neutron flux of only 108 n/cm2-sec. This should cause few irradiation effects.

5. The ORNL reference design uses the potassium cycle for cooling the blanket

and heat transfer to the energy conversion system. No insulators are required.

6. The reference design also includes electrical insulation between the six

segments which make up the torus. At present elastomers are considered

adequate for this purpose.
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EXCEPTIONS TO THE OENL REFERENCE DESIGN

1. If the neutral beam injectors do not provide sufficient heating,

introduction of RF coils could present significant insulation problems;

however, in this event the entix-e concept would require serious re-appraisal.

2. If the potassium cycle were unsuccessful and it became necessary to pump

lithium as the heat transfer liquid, insulated pipes such as required by

the TT.Ti mirror device would be necessary. Requirements would be similar

to those described by Hictanann at this meeting.
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Discussion following presentations

In the discussion which followed the presentations several ideas

seemed to recur frequently. For example, the need for materials char-

acterization and standardization was strongly supported. CarlMcHargue

(ORNL) agreed to coordinate the insulator needs of the attendees with

the Oak Ridge Research Materials Program. He will investigate the

feasibility of using Oak Ridge as a clearinghouse for standard sample

materials. It was suggested, also, that under this program archive

samples be retained in anticipation of the need for future remeasure-

ments.

The necessity for establishment of approved experimental techniques

also received consideration. This issue cannot be resolved until it

becomes clear what measurements are most clearly needed. It will be

important to continuously update the design parameters for all potential

fusion reactors so as to identify the major areas requiring investigation.

Recognizing that there are bound to be differences in methods, all agreed

that research reports should contain clear statements of the experimental

conditions employed in any set of measurements.

Finally, it was noted that whenever possible,work should be carried

out on the real system of interest consisting of an insulator bonded to

a metal. Some experiments, of course, may not be feasible in this con-

figuration; others, such as dielectric breakdown measurements, are

probably easier to perform on such a composite sample.
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Summary Itemarka by Krank Clinard at the
Conclusion of the BNL Insulator Meeting

1. Although input to the insulator program has thus far been mainly

in the form of general advice drawn from related work and experience,

this has nevertheless proved quite helpful in stimulating reactor

design improvements.

2. The above remark shows the importance of utilizing past experience,

and suggests the need for a comprehensive literature search for

data and experimental techniques on insulators.

3. Experimental and theoretical results on CTR insulators are starting

to trickle in, and the properties of SCB glass have been roughed out.

Progress is slow, reflecting the modest nature of the program.

4. A balance of fundamental and applied work is needed--applied

work to rough out the capabilities of existing insulators and the

extent of the problems, and fundamental work to serve as a

basis for innovative ideas and extrapolations to new systems.

5. A balance is also needed between work on electrical properties

and on structural properties of insulators. Thus far, efforts

have primarily been directed toward the former, probably because

electrical behavior and requirements are not very sensitive to

design changes. However, structural properties are design-

sensitive (e. g., to choice of metal substrate). More effort

should be directed toward structural problems, emphasizing

initially those aspects relatively insensitive to design (e. g.,

studies on the use of precipitates to suppress swelling).

6. Since there is no intense source of 14 MeV neutrons available for

insulator studies, it will be necessary to simulate damage effects

by use of other irradiation sources such as ion accelerators and

fission reactors. Calculations on damage effects, as well as

experimental studies, are needed to make these simulations
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meaningful.

7. More consideration should be given to the inescapable problem

of transmutation product generation, and its effects on both

electrical and structural behavior of insulators.

8. More information is needed on insulator requirements for Tokamak

and mirror machines, and on the conditions under which the

insulators will be expected to operate.


