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LEGAL NOTICE 

This report -was prepared as an account of Government sponsored 
work. Neither the United States, nor the Coamission, nor axijr person 
acting on behalf of the Ccmmission: 

A. IfeJfces auy -warranty or representation, e3g»re8s or implied, 
with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any infor­
mation, apparatus, method, or process disclosed in this report 
may not infringe privately owned rightsi or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Ccmmission" 
includes any eagsloyee or contractor of the Commission to the extent 
that such employee or contractor prepares, handles or distributes, or 
provides access to, any information pursuant to his employment or 
contract with the Coiimission. 
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FOREWOBD 

This sixth quarterly progress report covers the development irark 
under way on the SHAP-I program. It is submitted by The Martin Ccsapany 
in compliance with Contract AT(30-3)~217 to cover the period fraa 1 
April to 50 June, 1958, 

Under a subcontaract to 0!i3e Ifetrtin Company, Thcmpson Products, 
Incorporated, Cleveland, Ohio, has been carrying forward the develop­
ment of power conversion equipment as outlined herein. 
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SUMMARY 

During the quarter ending June 50, developmental effort has continued 
on components and general system design of the SNAP I Auxiliary Power Unit. 
Tests were run on the boiler and components in the power conversion system. 
Results are summarized and organized by task as presently defined by 
contract to the USAEC. 

TASK I - OVER-ALL SYSTEM DESIGN 

As a result of coordination with Lockheed and a review of ground 
handling procedures connected with SNAP-I, a modular concept has evolved. 
In essence, this concept is one of fabricating the SNAP-I in one complete 
package which can be readily attached to the WS-II7L vehicle structure. 
This permits testing of the SNAP-I as a complete module prior to assembly 
into the WS-II7L smd reduces installation problems. 

The ]yfe,rtin Compajiy was requested to participate, as a part of the 
facilities conmittee, in recommending a site at Camp Cooke. Recommendations 
were made and a report prepared. 

An integrity test program subjecting bare fuel elements at I5OO degrees 
Fahrenheit to burning and easplosive conditions simulating launch pad aborts 
was concluded with positive results during this period, 

TASK II - BOILER DEVELOPIffiNT PROGRAM 

Heat transfer experiments were conducted on a full-scale boiler 
mock-up to check the adequacy of the boiler design in producing mercury 
vapor at the desi^i point. In order to prevent slugging through the 
boiler, it was necessary, as a result of these e3^erlments, to redesign 
the boiler coil to provide separation of liquid and the vapor. E:̂ )eri-
ments were again conducted with positive results. (Mercury vapor was 
produced at a flow rate of two pounds per minute and a temperature of 
1550 degrees Fahrenheit.) 

TASK III - FUEL ELEMENT DEVELOPMENT PROGRAM 

Development work continued on determining the sintering properties 
of the CeOp with impurities as reported in the latest experimental results 

from ORNL. It has been necessary to provide more room in the fuel element 
because of a higher level of impurity present than had originally been 
anticipated by ORNL. The diameter of the fuel element was changed from 
5 1/2 inches to 4 I/8 inches. This change in fuel element design will 
provide for the worst case because it is anticipated that the impurity 
level will be reduced by ORNL during the course of the program. 
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TASK IV - MATERIALS CORROSION PROGRAM 

Dynamic mercury corrosion tests were conducted during this period 
on Croloy 5 Si and Croloy 5 Ti. These materials were selected because 
they are used in stationary power plants with mercury as a working fluid. 
The loops failed after I50 hours of operation, which indicates that it 
will be necessary to expand the materials development effort in order 
to provide a satisfactory APU design. Static lead corrosion tests con­
tinued on CeOp pellets, brazed joints, and flame sprayed coatings. New 

inputs from ORNL indicate that much of the CeOp work will have to be 

redone. Positive results axe being obtained in establishing compatibility 
between inhibited lead, brazed joints, and molybdenum coatings. 

TASK V - POWER CONVERSION SYSTEM 

Turbine 

Preliminary runs were made in mercury on the first turbine alternator 
test package during the month of June. A bearing failure made it necessary 
to stop the test. 

Piaap 

Bfany centrifugal pump types were tested during this past quarter. A 
jet-boosted centrifugal pump attained the design performance required 
(15 pounds flow per minute, 27O psia discharge pressure, 1.86 psla inlet 
pressure). The efficiency of this pump was approximately 20 per cent. 

Controls 

During this quarter, extensive breadboard testing of control 
components was conducted, and the results of the these teslshave been 
factored into the design of prototype components. Investigations of 
start and stop procedures were also conducted. 

Alternator 

A radial gap alternator was desired, fabricated, and tested. The 
alternator under test was uncanned and merely gave data on electrical 
characteristics. 

Bearings 

Several configurations of the hydrosphere bearing were tested and 
Indications are that a nongrooved socket configuration is most desirable 
for maximum radial lc©,d capacity. 
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Materials Evaluation 

One-hundred-hour tests were conducted on 1010 steel and Type 446 
stainless steel. These tests were made in isothermal loops at a 
temperature of 750 degrees Fahrenheit and showed little evidence of 
corrosion. 

TASK VI - GROUND TEST 

Design work is under way to prepaid a facility for testing the 
APU module. Equipment requirements have been determined and orders 
placed for equipment wherever possibles 

TASK YII - SNAP III 

During this period a conceptual design for the SNAP III Unit 
was delineated and coordinated with Westinghouse and contract arrange­
ments ccsnpleted, SNAP III will be an APU having a one-watt power out­
put and employing a thermoelectric power conversion system, A demon­
stration model will be ready eeurly in the calendar year 1959. This 
model may be fueled with Po-210. 

• 
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I . TASK I - OVER-ALL SYSTEM DESIGN PROGRAM 

A. SNAP-I SYSTEM INTEGRATION 

A new concept for the handling and testing of SNAP-I has been 
proposed. The basic principle in this new concept is that the entire 
SNAP-I system will be constructed as an integral module that becomes 
a part of the VK-II7L vehicle. There are only four points of structural 
attachment between the SNAP-I module and the vehicle. 

After assembly at The Martin Company the module is tested, shipped, 
stored, and Integrated into the vehicle as a single entity. It is then 
possible to Join the SNAP-I components together under laboratory con­
ditions emd thus minimize the possibility of contamination of the work­
ing fluid loop. Complete system checking prior to shipment and use is 
also feasible by means of the modular concept. In general, the advantage 
of the SNAP-I modular concept is that it moves assembly and test pro­
cedures from the field into the laboratory and plant. 

One view of a preliminary design of the SNAP-I module integrated 
into a preliminEury vehicle design is shown in Fig. 1 . The vehicle 
integration is proceeding in a somewhat unique manner. Lockheed Missile 
Systems Division (LMSD), the vehicle prime contractor, has furnished 
The MEirtln Company a drawing with the outlines of the predominant fea­
tures of the aft portion of a vehicle that will employ the SNAP-I system. 
(IMSD has stated that the vehicle to employ SNAP-I will have to be 
especially designed for that purpose, and that this design will progress 
as the SNAP-I integration proceeds.) Martin designers then fitted the 
SNAP-I module into this vehicle, auid proposed some vehicle changes in 
order to accomplish this. 

The integration drawing (a part of which is shown in Fig. 1 ) 
was then forwarded to liSSD for caimnent. The USSD designers prepared 
a drawing Including counter-proposals for vehicle changes suggested 
by Martin, as well as additional aspects of vehicle design and proposed 
changes in the SNAP-I module design. Martin design personnel will 
evaluate the IMSD proposals and changes, make counter-proposals, include 
advanced SNAP-I design details and forward a drawing, incorporating these 
ideas, to D4SD. This process will continue until the Integrated design 
is satlsfactozy to both organizations. 

A pre-flight testing plan for the SNAP-I module at the flight site 
has been proposed and will be coordinated with IJ>ISD. This is the first 
step in achieving agreement on a factoiy-to-fllght sequence and launch 
site facilities. 
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It has been learned that the Atlas boos-ter cannot structurally 
support the combined Ic^d of the fueled TO-II7L vehicle and the SNAP-I 
module with its biological mercury installed. It appears that the 
biological mercury will have to be drained froa the shield before the 
vehicle fuel is leaded. This will cause increased dosage at the film 
pack due to the longer time available for gamaia-aray air scatter. JJfSD 
is investigating this problem, 

1. Proposed Pre-Flight Testing of SNAP-I Module at Flight Site 

The use of SNAP-I requires Lockheed to consider the testing of 
their auxiliary power system (APS) in two separate parts. 
They are: 

^' SNAP-I - including heat source, power conversion component (to 
2CX)0 cycles per second, single phase) and associated components! 

2. Power Converter Equipment (PCE) - including transforaiers, 
rectifiers, batteries, inverters, Icmd switching devices, etc. 

Preliminary testing of SNAP-I at the assembly site and the power 
converter equipment (PCE) at Lockheed (or the flight site) should be 
accomplished se|®rately. This means that a simulator for the PCE and 
a controllable 2000-cycle per second, single phase generator will be 
needed at these locations. These two portions of the A K can be mated 
electrically during the test of the SNAP-I module at the flight site. 
Further testing of vehicle ccsnponents or |»ylMid requiring vehicle 
auxiliary power prior to flight can be accempllshed by use of the previ­
ously mentioned generator. 

The final APS test must be accomplished prior to flight tin®, after 
the mercury is drained tram, the biological shield. This can be a pro­
grammed autoaatic go-no-go test similar to that described in Section IY-3 
of LMSD-2870. 

The test of the SNAP-I module prior to launch pad operation should 
be accomplished in a shielded chamber several days befor« flight. The 
choice of using a PCE simulator or the actual flight PCE xmits is up to 
D4SD. If the PCE flight units are to be used they should be checked 
out before this time, and they need not be in the shielded chamber since 
only electrical connections are required. If special cooling is required 
for the chamber, the exact needs will be determined after the Jfaxtln 
Ground Test, It is antlci|»ited that the following tests of the SNAP-I 
module will be accomplished by Lockheed personnel with the assistance of 
Jfertin engineers and those of their subcontractors: 
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1. Time required to drain mercury; 

2. Time required fosr boilers to come up to temperature; 

3. Measure unshielded dose rate at one or more points for each 
boiler; 

k. Start-up time 
After start-up, measure following peurameters of electrical 
output under simulated vehicle load (transformer, rectifier, 
load resistor) or actual flight PCE: 

a. Voltage at input to transformer, 
b. Current in generator circuit, 
c. Frequency in generator circuit, including harmonic 

content, 
d. Introduce load variations and record change in (a) (b) 

and (c); 

5. Tape record vibration at module pick-up points; 

6. Record the following during all tests: 

a. Shutter position, 
b. Boiler outlet tearperature (using sensing and amplifying 

units in shutter control mechanism), 
c. Condenser temperature (several points), 
d. Subcooler temperature, 
e. Temperature of outer shell of biological shield, 
f. Temperature at vehicle pick-up location. 

B. OPERATIONAL HAZARDS 

1. Launch Site Reccnrniendation 

The Lockheed Missile Systems Division requested The Martin Company, 
as part of the Facilities Committee, to appraise three specific launch 
sites at Camp Cooke in regard to APU considerations. A irecommendation 
was made after evaluating the following factors: 

Locations of Sites. - Site 1 is located in the northwest comer 
of the Camp Cooke Militeoy Reservation. Site 2 is located in the west-
central portion of Camp Cooke, Site 5 is located in the south-centrsJ. 
area of the Camp Cooke Military Reservation; 

SKiffr 
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Seiamologlcal Criteria. - Each site was evaluated In terms of 
foundation material, nearby faults, cmd past seismic history. Several 
known past seismic disturbances of significance occurred in proximity 
to Sites 2 and 3. It was recommended that a known fault south of Site 3 
be Inyestigated; 

Meteorological Criteria. - Mieteorologlcal factors were weighed 
lightly since they would have only a minor effect upon the APU, and it 
is apparent that they do not fluctuate slgnificatitly from site to site; 

qydrological Criteria. - The hydrologic criteria considered were 
the proximity of sites to ground water reservoirs, surface resez^oirs, 
emd watershed areas; 

QeologlcaJ. Criteria. - Geological factors, in particular rock 
hardness, topography, and stratography were considered. These factors 
were related to the recovery of the AFU following vehicle launch abort 
and lapact; 

Range Safety, - Range safety is influenced by the tims increment 
that the vehicle is over or adjacent to the coastal area; 

Population Criteria. - Base cuid off-base population density and 
distribution were considered; 

Public TranaparUtlcp. The prcxximity of the Southern Pacific 
Railroad and off-site public transportation routes was considered. 

The sites were rated by a system utilizing these criteria, 
weighing the relative value of each criterion, and Integrating the 
value of individual sites for each criterion. On this basis. Site 3 
was reconmended as the moat favorable site in regard to the AFU. 

2. Re-Entry Evaluation Study 

A re-entry evaluation study was initiated to determine the post-
orbit environment of the APU, and in particular the conditions of 
impact. The secondary purpose of the study is to establish parameters 
for rocket sled and plasma Jet testing. Specifically the study is to 
yield the following information: 

Velocity Spectrum. - The velocity spectrxm of the SHAP-I during 
re-entry and including impact is being estimated for various entrance 
flight path angles. Aerodynamic drag factors and terminal velocities 
are being estiioated; 

9B<BRM 
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Aerodyoamie feat lug. - The effects of aerodynamic heating upon the 
component including coi^onent temperatures, gta©mticm points, teat 
input, and heat loss are being estimated. The ccMponsnt temperature at 
iî iact is being predictedi 

Evaluation. - TOie caabined effects of velocity, aerodynsMic 
heating and drag, and aaechanical forces acting upon SIAP-I axe being 
analyzed. A prediction of t"te portioas of the ccsapoaent surriTing re­
entry and present at impact is being Mide. 

An IBM 704 Program is utilized in the study la order t© relate the 
multiplicity of variables involved. 

3. Core Integrity Test Program 

Model Missile !PBsts. -• This testing program uma carried out under 
contMUJt with the Br«mdview Research Corpocrati^, BurlingaiBe, Califanaia, 
between May 5 and June 30, 1^8. A final report by Broadview analyzing 
tte results of this program is being pre^tred. 

!Hje objective of this prograai is t© determine core inte^lty under 
conditions existing during an Atlas booster launch f&ilu^^. Such 
integrity was determined by ̂ serrijsg th© effects upaa scale model 
test assemblies aad. their pxitective coatings when th®y were exposed 
to scale model missile failures. Tha follcwisg is a prslimiisary dsserip-
tioax of the test perfcm^d on the grounds of B@ale Air Fore® Base, 
California, 

a. l/l8 Model Missile Tfests 

1. With 1/2 Scale Model Cores 

The modsl missile containing simulated fu@l loading of 
liquid oxygen aad kerosene was set up. At the sasme tl^e 
the model core was held at 1500 degrees F&M^nh®it in 
an electric furnace. Successively, the fuel bags were 
ripped, the core was ti^nsferred into the fuel mixture, 
and the mixture was detOEaated, 

Ten tests were j^rformed. The test variables were pro­
tective coating types, smount of pretest core dsuaage, and 
detonation time. 

(a) Chromalloy coated cores - Two cores were tested with 
undamaged coatings. 

(b) Colmonoy coated cores - Four cores were tested with 
u!ids»ag@d coatings. 

• 
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(c) Colmonoy coated cores - Two cores were tested. The 
pretest damage on each one was light. 

(d) Colmonoy coated cores - Two cores were tested. The 
pretest damage on each one was heavy. 

One undamaged Colmonoy coated core was tested in two 
separate missile failures. Cores were pre-damaged In a 
manner to simulate coating failures that might be caused 
from launch pad impact. 

None of the cores sustained significant physical or 
chemical damage from the exploding liquid oxygen-
kerosene mixtxare. The surfaces exposed by pre-test 
damage showed some rapid oxidation which stopped soon 
after the detoiaatlon. It appeared that this reaction 
was airested by a coating of molybdenum oxide which 
smothered the reacting surface. 

2. With 1/5 Scale Model Cores 

Two undamaged I/5 scale cores were tested by the same 
experimental procedure. No significant physical or 
chemical damage was present on either core following 
the detonation. 

5, With 1/6 Scale Model Cores 

Two model missile failure tests were accomplished. The 
procedure was changed so that each test contained three 
undamaged cores. On the first detonation all three cores 
were found with no significant physical or chemical 
defonaation. In the second failure only two cores were 
found, both were undamaged. The third core was ejected 
from the fireball and was not found. 

1/10 Model Missile Cores 

1. With 1/5 Scale Model Cores 

One 1/10 model laissile failure test was accomplished. 
It contained two undamaged Colmonoy coated cores. 
Neither core sustained any significant physical or 
chemical damage. 

2. With 1/2 Scale Model Cores 

Two 1/10 model missile failures were accomplished. One 
detonation included one undamaged core and one heavily 
damaged core. The other missile failure Included two 
undamaged cores. All cores were coated with Colmonoy. 
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None of the cores sustained significant damage. The damaged 
surface exposing molybdenum metal exhibited rapid oxidation 
Immediately following the detonation which was quickly 
arrested by molybdenum oxide formation. 

Molybdenum-Liquid Oxygen Tests. - The reaction between liquid oxygen 
and hot elemental molybdenum is obscure. During the month of June the 
Broadview Research Corporation initiated a test program under a Martin 
subcontract to investigate this reaction. 

Specifically, the experiments consist of the following four partsj 

a. Molybdenum Wire-Liquid Oxygen Reaction 

In this experiment electrically heated molybdenum is Immersed 
in liquid oxygen at three given temperatiares between l400 and 
and 2100 degrees Fahrenheit. 

b. Colmonoy Coated Bfolybdenum Strip-Liquid Oxygen Reaction 

In this experiment reactions between cc»ted molybdenum strips 
and liquid oxygen are performed. The strips are electrically 
heated. Test specimen temperatures and coating damage are 
varied, 

c. Colmonoy Coated Molybdenum Test Assembly-Liquid Oxygen Reaction 

Experiments are performed by immersing hot test assemblies in 
liquid oxygen. Damaged and intact ccmtings are tested. 

d. Molybdenum Test Assembly-Liquid Oxygen Reaction 

In this experiment five uncoated molybdenum test assemblies 
are Immersed in liquid oxygen at selected assembly temperatures 
between l400 and 2100 degrees Fahrenheit, 

C. SYSTEM SHIELDING 

Preliminary computations were aaade to determine the vehicle shielding 
requiired if the material were to be placed in the vicinity of the boiler. 
In order to limit the dosage to 50 roentgens at the film pack after 60 
days, about five Inches of tungsten are required on top of each molybdenum 
block and 1 1/4 Inches around the sides. 

Two sets of calculations were made as the result of requests at the 
SNAP Coordination Committee meeting. The results are shown in Figs. 2 and 
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Figure 2 shows dose rates versus distance from the launching 
vehicle. The values are for two half-power boilers with the biological 
shield mercury removed, and Include th^ effect of self-absorption in 
the source, air absorption and air scattering. 

Figure 3 gives a comiarison of dose rates and weight of a single 
half-power boiler containing 5 x 10^ curies with different outer con­
tainer sizes for the biological shield. The shield is filled with 
mercury. The dose rates are at a distance of two feet from the center 
of the outer container (roughly one foot from the surface) and for each 
15 degrees of arc. Each succeeding container is one-half inch larger 
than the preceding. The chart includes data for a new boiler design 
(designated Rev. l). This new design was necessitated by new specific 
activity data received ftom Oak Ridge National Laboratory. The 
separated fission products will contain more impurities than were 
originally anticipated. Consequently, the boiler had to be made 
slightly larger, reducing the thickness of biological shield available 
in the total volume. 
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Dose Points 

5 X 10-̂ e 

Surface 
Constants 

a 

b 

c 

Calculated 
Weight With 

Mercury (Pounds) 
Dose Point 

0 

1 

2 

5 

4 

5 

6 

7 
8 

9 

10 

11 

12 

10" 

10" 

11" 

Grig. 

2250 

Rev.l 

2222 

0.211 

0.259 

0.528 

0.599 

0.567 

0.505 

0.275 

0,278 

0.508 

0.552 

0.274 

0.190 

0,164 

0.255 

0.277 

0.411 

0,559 

0.551 

0.459 

0.417 

0.419 

0.449 

0,448 

0.545 

0.220 

0.182 

10.5" 

10.5" 

11,5" 

Orig. 

2575 

Rev.l 

2566 

0.100 

0.115 

0.155 

0.190 

0.175 

0.114 

0.151 

0.152 

0,147 

0.158 

0.151 

0,090 

0.078 

0.112 

0,152 

0.195 

0,256 

0.052 

0.218 

0.198 

0.199 

0.214 

0.215 

0.165 

0,104 

0,087 

11" 

11" 

12" 

Orig, 

2955 

Rev.l 

2945 

Dose Rates R/HR 

0,048 

0.054 

0.074 

0.090 

0.085 

0.069 

0,065 

0,065 

0.070 

0.075 

0,062 

0,045 

0.057 

0.055 

0,065 

0.095 

0,122 

0,120 

0,104 

0.094 

0.095 

0.102 

0.101 

0.077 

0,050 

0.04l 

Present Design 
Surface 

11,5" 

11.5" 

12.5" 

Orig. 

5565 

Rev.l 

3556 

0.023 

0.026 

0.056 

0,045 

0.055 

0.055 

0.050 

0.030 

0.055 

0.056 

0.050 

0.021 

0.017 

0.025 

0.050 

0.044 

0.058 

0.057 

0.049 

0.045 

0,045 

0,048 

0.048 

0.057 

0.024 

0,020 

12" 

12" 

15" 

Orig. 

3814 

Rev.l 

5805 

0.011 

0.012 

0.017 

0.021 

0.018 

0.016 

0.018 

0.015 

0,016 

0.017 

0.015 

0.010 

0.009 

0.012 

0.014 

0.021 

0.028 

0.027 

0.024 

0.021 

0.022 

0.025 

0.025 

0.017 

0.011 

0,0094 

Fig. 5. Comparison of Dose Rates from Original Boiler and Boiler Revision No. 1 
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II. TASK II - BOIim DEVKLOHffllT mOGRAM 

Task II covers the design, fabrication, test, and operaticm of the 
half-power boiler. Progress during this quarter tos been directed toward 
the operation of the full-power boiler mock-up test loop, plus the redesiga 
of this loop for later qperaticsos with the half-power boiler. In addition, 
a new half-power boiler was being fabricated for future testing in the 
mock-up test loop. Further details concerning the progress of these it®M 
are presented in this chapter. 

A. BEAU TRmSFER MOCK-UP !ffiST 

Full-power boiler mock-up es^erlments were conducted during April 
and Ifay. These tests consisted of circulating a^rcury through the 
electrically heated full-power boiler ®ock-up to produce siq^rbeated 
mercury vapor at various flow rates. ScMe difficulties were encountered 
in obtaining the pr^er design conditions with the 25-foot length of 
boiler coil, and the tests were terminated in May after operatize for 
560 hours. The maximum mercury superheat realized was 1120 degrees P^hren-
heit at 210 psiaj whereas the design point is 1550 degrees Fahrenheit At 
210 psla. 

Vras. the operating esqperience and data gained, tte following con­
clusions could be drawns 

1. Additional heat transfer area was required to attain design 
conditions (1,87 pounds per minute at 1350 degrees Fahrenheit 
and 210 psia). !Ehis v&s due to the fact that î rciary film 
boiling cc^fficients were lower than predicted from th® 
available literaturej 

2, Ty:^ 516 stainless steel tubing Is Brt a suit&bl® boiler soil 
Bjaterial due to tte reduced heat trai^fer efficiency caused 
by the accumulatian of corrosion products on the heat transfer 
surface. 

Ifercury film boiling coefficients are lower than those of boiling 
water due to the difference in the film boiling mechanisM. In a boiling 
jaercury system theare is a sharp phase separation, while with water it 
is quite coHmon to have two-phase flow. This phase sepsuration is due 
to the inherent stability of mercury Tapor bubbles. Thus, it is possible 
in a forced flow boiling mercury system for the mercury bubbles to creep 
along the heat transfer surface, squeezing the liquid away frcm the mil 
as they rise. 33je percentage of the teat transfer area effectively 
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insulated in this maxsmr is quite large, and the insult is a yery low 
heat transfer coefficient. This effect gives rise to a very high 
temperature difference between the mercury bulk teisperatisre and the 
heat transfer surface temperature as evidenced by boiler test data. 

These deficiencies were alleviated in the second series of tests 
and the techniques ê lĉ jned are enumerated. 

Phase 2 of the Full Power Boiler Block-l̂  Test was initiated in 
June, 1958. During the interim period between Phases 1 and 2, the 
following modificati^is to the boiler mock-up test loop were accoaplls^di 

1. Additional heat transfer area was obtained by installing 50 
feet of boiler coil In the lead bath annulus surrounding ths 
sodium beater of the full-power boilerj 

2. The condenser was bypassed and the sub-cooler functioned as 
both a condanser and sub-cooler j 

5. A wire spiral wrapped around a O.IO9 inch outside diameter 
hypodeimic tube 51 feet long was installed in the 3/6 Inch 
boiler coilj 

h. A thermocouple for measuring mercixrj bulk temperstui^s was 
placed within the 0.109 inch outside diameter hypodermic tub© 
of the spiral wound assembly. 

The increased heat transfer area and coefficient tram, these modifi­
cations provided considerable flexibility in the investig^tioa of various 
parameters. It was possible to investigate the superheat attainable fro® 
flow rates in the range frGm. 50 per cent below to 50 per cent above the 
design condition of I.87 pounds per minute. Superheats in excess of the 
design condition (1550 degrees Fahr«nteit) were attained at all flow 
rates with an appropriate ad̂ ustraeat of the power input. Test results 
produced l¥l-5-degree Fahrenheit superheated ffisreury at 210 psia with a 
5.2 kilowatt power input. 

Mechanical means, in the form of the spiral wound assembly, 
were employed to increase the boiling heat transfer coefficient. 
This insert iaiproves the wetting condition at the wall by directing 
liquid mercury against the tube WBLLI and by producing greater tur­
bulence in the boiling ax-ea. The effectiveness of this method was 
borne out by Phase 2 data, which (unlltoe Phase l) ihowed the tube 
wall teiffperature only slightly above the isercury bulk tmperature. 
Mercury bulk teHiperatures in the superheat region were sseasured 
accurately by inserting a thermocouple within the 0.109 iach hypo­
dermic tube to a point 58 feet from the boiler inlet. When employed 
in this manner, the conduction and radiaticm corrections were re­
duced to a negligible amount. 
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B. BEST LOOP REI3ESICT 

Ihil® tests were beijag conducted on the fuU-power boiler mock-up, 
a mew half-power boiler mock-up was being fabricated for future extensive 
testing in the mercury test loop. Since the first results of the full-
power test boiler were unsatisfactory, it became necessairy to change the 
coil design in the tmw half-power boiler to be similar to the successful 
MoSsl, The redesi^jed eoilc^sslsta of 3/8 inch outside diameter tubing 
of AISI T^pe 516 stainless steel containing a wire spring of O.051 inch 
dlaisiter passing along the tubing inner wall for purposes of flow con­
trol. Floating within and following the conTOlutions of the coil is 
a tube of AISI ̂ pe 516 stadjaless steel Mving an outside diameter of 
0,109 iach and a waH of 0.012 inch used far thermocouple probing* This 
coil design has been incorporated into the new half-power boiler mock-up 
a M delivery was delayed tatH the first of Ai^ust, 

C, MEROUBT HEAT TEIAKIER O^ST 

Be^iuse of tha I&ek of basic heat transfer data or es^irical 
CGETelatloas fm forced coaivectioa film boiling of mercury in the high 
msreusj boilinig and sui^rheat ran|^, it has beco^ necessary to formu­
late a saercury heat trauBfer testing program. Ultimate objectives of 
this program are: 

1. Forced ccmvestlOQ fllji boiling heat transfer correlationi 

2, Fereed comvectioai l^at trsasfer coo:«latiosi for a helical 
coil syB-^mj 

5. Beliable pressure drop data for a boiling i^rcury syBtamj 

k. General eorroslotn infonatlon on tl^ use of ^Sj^ 3^7 stainless 
steel in a boiling and coGodensing mercury system. 

!l!!be test loop wiU be cmposed of a test secticm, test section 
housing, condsnser-subeooler, pu^p, pressiarizer, flom^ter and pr@-
heater, and will be housed in a closed container that is equipped 
with an esdsaust system. (See schesiatic. Fig, k), 

1. ^st Seetiom 

TJ^ test section consists of 3/8 inch outside diaiseter helically 
wound 3>ps 3^7 stainless steel coil. The coil has 32 turns on a four-
inch diameter circle with two thermocouples placed ererj one and one-
half turns. At each recording point, thermocouples will be installed 
both inside the tube and in the tube wall to i^asure temperatures of 
both the flowing s^rcury and the wall at the ssme point. This will 
pexmit the calculaticm of local heat transfer coefficients throughout 
tht test section. 
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2. Test Section Housiiî  

The housing will consist of a l4-inch section of noalnal 12-inch 
Schedule 120 stainless steel (Type 516) pipe equipped with three 
helically wound immersion heaters, 

3. Condenser-Subcooler 

Condensing of mercury vapor and subcooling of the liquid will be 
accomplished in a helical 5/8 inch outside diameter coil on a 12-inch 
diameter circle. Heat will be transferred by radiation and natioral 
convection to two beat sinks, one located inside the condenser-subcooler 
coil at a half-inch spacing, and the second located with the same 
spacing outside the condenser-subcooler helical coil. 

k. Pump 

The fluid mercury will be pimped with a positive displacement 
pump which will cover a range of 0.3 to 2.9 gallons per hour. 

5. Pressiarlzer 

The mercury discharging from the pump will flow into a pressurizer 
tank. This teuak will serve to pressurize the loop with argon ̂ s , 
and will provide an ejcpanslon chamber for smoothing out the pulsating 
action of the pump. A bleed-off type of over-pressurization system 
will be used to control the pressure at the test section inlet. 

6. Flowmeter 

The loop flow will be sensed with a Potter turbine-type flowmeter 
and will be recorded on a strip chart recorder. A rsmge of flows of 
from 0.5 to 5 gallons per hour will be covered. 

All design drawings have been released for manufacturing and all 
necessary equipment, such as tubing, fittings, and instrumentation 
were procured. Assembly of the heat transfer loop should be complete 
by the end of next quarter. 

D, HEAT TRAIfSFEIR AMLYSES 

1. IBM-704 Machine Code 

The analytical work on the new boiler concept has consisted of 
developing a FORTRAN program for the IBM-704 computer. The ultimate 
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objective is the development of a program that will produce a complete 
radial and axial temperature distribution in the molybdenum fuel block 
for simplified models of both the half-power and full-power boilers. 
This program investigates six radial regions with varying heat con­
duction properties with 79 axial sources. The quantities calculated 
and printed out are fluid velocity, fluid temperatures, qualities, 
molybdenum temperatures, tube wall temperatures and forced convection, and 
boiling and superheat heat transfer coefficients. Three problems 
employing somewhat simplified models, but which ax& superior to those 
employed to date, have been rxm satisfactorily. 

E. THERMAL SHUTTER CONTROL EQUTPMEKT 

Most of the controls eff&rt for this quarter was on the temperature 
control servo amplifier stnd thermal shutter control mechanism. The 
breadboard amplifier was checked out electrically, mated with the thermal 
shutter control mechanism, and tested under load. 

The amplifier input was a Wheatstone bridge used to simulate a 
resistance thermometer. The motor operated as expected, reversing 
and showing proportional speed control as the variable arm of the 
input bridge was swept through its values. A 46-pound weight was 
lifted at approximately three inches per minute. This is considerably 
more than the expected shutter weight, so there is no doubt as to the 
mechanical ability of the system. 

The printed circuit model was designed and constructed concurrently 
with the breadboard test work. It was checked out, met its design 
specifications, and vibration testing was initiated. Since the printed 
model is extremely rugged, no serious difficulties are expected. 

F. ISOTOPE HALF-POWER BOILER DESIGN 

Manufacturing drawings for the first isotope half-power boiler 
are 90 per cent complete. However, during a coordination visit to 
Oak Ridge National Laboratory, it was learned that insufficient space 
was being provided for the isotope fuel pellets, A revised fuel 
element assembly was designed and, pending coordination with ORNL, 
will be incorporated Into the initial isotope boiler design. Release 
to Bfenufacturing is escpected during the next quarter. 
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Ill, TASK III - FUEL EMMINT DEVELOPMENT PROGRAM 

This task covers the fabrication, assembly, and test of the complete 
half-power radioisotope fuel block. Progress dmring the past quarter 
has been made on fuel pellets, oxidation-resistant coatings, suad molybdenum 
braze materials. Visits were made to Oak Ridge National Laboratory to 
coordinate the fuel fabrication process, and to determine Company responsi­
bilities for various operations. Information concerning this progress is 
presented in this chapter, 

A. CeOg FUEL PELLETS 

Fabrication and testing of CeO^ based bodies were continued during 

this periai. The studies consisted of: 

1, Variation of compacting pressure as a means of controlling 
dimensions of fuel pellets| 

2, Effect of change in chemical processing of GeOpj 

3, Corrosion testing of CeOp fuel compositions (reported in Task IV 
report). 

A study was made of the effect of varying the compacting pressure 
of a CeOp body on the compacted and sintered properties of the pellet. 

For this study a 96.25 per cent CeOp, 1.25 per cent NdpO,, 2 per cent 

TiO^ and 0.5 per cent CaCO, body composition was selected as a repre-
^ 5 

sentative composition having good sintering and corrosion properties. 
Ikble 1 lists the results of the variation of compacting pressure. 

From the data listed in Table 1 it can be seen that it is possible 
to vary the compacting pressure to a large degree without changing the 
sintered density of the pellet. However, this only applies in the case 
of a material which displays good sintering characteristics or a 
material to which is added an aid to improve the sinterability of poor 
material. The data presented in Table 1 also denote how the shrinkage 
and final dimension of the pellet may be controlled without changing 
the compacting die size, and without the necessity of grinding the 
pellets to a final dimension. As the CeOp pellet fabrication process 

does not permit the use of an organic binder, there may be a tendency 
for pellets to laaainate when compacted at pressures greater than 25 
tons per square inch. 
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TABLE 1 

Effect of Compacting Pressure on Shrinkage and Density 

Samples 
(Compacting 
Pressure) 
(tons per 

square inch) 

5 

10 

15 

20 

25 

30 

55 

40 

45 

50 

Compacting 
Ratio 

1:2.5 

1:2.7 

1:5.0 

1:5.1 

1:5.1 

1:5-5 

1:5.2 

1:5.5 

1:3.4 

1:3.6 

Density 
(per cent theoretical) 
Green Sintered 

49.8 96.6 

55.6 

56.9 

57.6 

59.5 

60.5 

61.5 

62.4 

65.5 

65.4 

96.3 

97.0 

97.5 

96.9 

97.5 

97.2 

96.9 

96.7 

97.2 

Per Cent 
Diameter 

20.5 

18.5 

16.5 

16.4 

15.5 

15.0 

14,6 

14.1 

15.5 

13.5 

Shrinkage 
Height 

20.2 

18.4 

16.6 

16.2 

15.5 

14.9 

14,6 

14.1 

15.5 

15.6 

Batch Composition: 97.5 P®2* cent (97.5 per cent CeOp + 2.5 weight per 

cent NdpO ) + 2 per cent TiO +0.5 per cent CaCO . 

Calculated Theoretical Density: 7.05 grams per cubic centimeter. 

It has been shown that certain minor additions of TiO and TiOp-CaO 

to the CeOp in amounts of less thsua five per cent are effective In 

increasing sintered density of the compacted pellets, and are also 
effective in stabilizing the CeOp in the presence of liquid lead. It 

was felt that a more uniform dispersion of the addition in the CeOp 

could be achieved by the introduction of the TiOp-CaO in a soluble salt 

which on thearmal decomposition would convert to the oxidej also, it 
would be advantageous to reduce the amount of handling of the powder 
in the hot cell. 
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A study -was made by ORNL of adding a 2 per cent TiOp - l/2 per cent 

CaO stabilization and sintering addition in a solution form to the cerous 
oxalate before conversion to the eerie oxide. The resultsmt powder 
produced by this method appesured to have a non-uniform dispersion of the 
TiOp - CaO mixture, an excessive amount of the oxide mixture, and poor 
sinterability with normal processing. 

B, PROTECTIVE COATINGS ON MOLIBDENUM 

Work was initiated during this period on the application of oxidation 
reslstsmt coatings on molybdenum by the flame spray method. 

The coating process involves three basic operations: 

1. The surface of the article to be sprayed is prepared by rounding 
all edges and corners and blasting with a steel grit to insure 
a good mechanical bond between the coating and the base metal 
before and after fusionj 

2. The coating alloy is then applied by flame spraying the alloy 
in the form of a powder with a spray weld pistol. The coatings 
after spraying are approximately 0.012 to 0.015 inch thick 
which will densify on fusion to 0,008 to 0.010 inch thick; 

3. The flame sprayed coating is then given a furnace fusion treat­
ment at 2000 to 2200 degrees Fahrenheit for two hours in high 
purity hydrogen. This treatment fuses the sprayed coating 
and develops a metallurgical bond between the coating and base 
metal. 

The coated specimens are then tested atlBOO degrees Fahrenheit 
in air to check for defects in the coatings which would expose bsô e 
molybdenum areas and allow oxidation of the molybdenum. 

The oxidation protection coatings are subjected to molten lead 
corrosion at 1500 degrees Fahrenheit for 500 hours to determine the 
ability of the coatiiags to resist corrosion attack by the lead as either 
a solution, reaction or disintegration of the c<^ting. 

The coating materials given in !fe.ble 2 are being studied for 
application as oxidation protective coatings on molybdenum. 
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Coating 

Colmonoy 

Colmonoy 

Colmonoy 

TABLE 2 

Oxidation Resistant Coatings for Molybdenum 

No. 

4 

4A 

4B 

4c 

5 

5A 

5B 

5C 

6 

6A 

6B 

6c 

Al + Cr-Sl 

Al a l l oy 15 

Chronized 

¥-Z Chromized 

Oxidation 
Weight 
Change 

Ccmposition (per cent) 

85 Ni, 8 Cr, -f0.04 
4 Si, 2 B 

No.4 + 10 per 
cent Mo 4O.O2 

No.4 + 20 per 
cent Mo -fO.05 

N0.4 + 50 per 
cent Mo +0.05 

79 Ni, 12 Cr, 
4 Si, 2 B 40.07 

No. 5 + 1 0 per 
cent Mo 4O.02 

No.5 + 20 per 
cent Mo -}0,03 

No.5 + 30 per 
cent Mo -{0.04 

72 Ni, 15 Cr, 
4 Si, 3 B +0,16 

No.6 + 10 per 
cent Mo -40.03 

No.6 + 20 per 
cent Mo 40.15 

No. 6 + 5 0 per 
cent Mo 4O.02 

20 Al, 45 Cr, 
52 Si +0.05 

15 Si, 87 Al -t0.04 

Cr 

Cr alloy 

40.02 

4O.OI 

Lead 
Corrosion 
Resistance Remarks 

Fair Good impact resistance 

In test 

In test 

In test 

Fair Good impact resistance 

Tn 

In 

In 

test 

test 

test 

Fair 

In 

In 

test 

test 

In test Good Impact resistance 

Reaction 
with lead Low impact resistance 

Low impact resistance 

In test 

In test Low impact resistance 

* Per cent weight change after 10-hour exposure to air at I852 degrees 
Fahrenheit. 

** Jfolten lead corrosion at I5OO degrees Fahrenheit for 500 hours. 
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The chromized c<mtlng is applied to the molybdenum by a gaseous pack 
process in which the surface of the article to be chromized is placed in 
contact with a volatile chrcmium halide in a hydrogen alaaosphez^, The 
reaction at high temperatures between the three constituents, molybdenum, 
hydrogen and chromium halide, results in the deposition of a film of 
chromium on the surface of the molybdenum. The chromized coating as 
shown in Fig, 5 is the lajrer of chromium which appears to be continuous, 
nonporous, and well bonded to the substrata. 

Tests are now being conducted on the corrosion resistance of the 
chromized coating in molten lead at 1500 degrees Fahrenheit, If the 
chromized coating is unaffected by the lead, it is planned to utilize 
this coating as a basic oxidation protective layer to inhibit oxidation 
of molybdenum during the loading of the fuel pellets and final sealing 
of fuel holes. As the chromizlng coating process is applicable to all 
surfaces Including threaded sections, blind holes, and inaccessible 
areas, it will be possible to ccmpletely chromize the molybdenum block 
immediately after machining. 

Figure 6 shows a section of a molybdenum piece which has been 
chromized and a flame spray coating of Colmonoy No. 5 alloy applied 
to the chromized surface. After the fusion treatment, the flame spray 
coating appears to wet the chromized surface and is well bonded to the 
chromized coating. It is planned to apply a flame spray coating which 
will be able to withstand a high impact load over the chrcanized sur­
face to give primaiy oxidation protection for the molybdenum. The 
coatings that will be studied for this application are modified Colmonoy 
alloys, Al-Si, Al-Cr-Si, and CoMonoy - stainless steel mixtures. 

In addition to the requirements of the oxidation protective coatings 
that they be corrosion resistant to lead for an extended period, it also 
appears necessary that the coating be resistant to a molten lead oxide 
for a short period. As the coating surface is not a smooth ground 
surface, a small amount of lead will adhere to the surface of the speci­
men after removal from the lead bath. In testing the oxidation resistance 
of the coating immediately after removal from the lead container the 
oxidation protective coating is subject to attack by a highly corrosive 
melt of lead oxide (PbO) in air. 

It is therefore planned to subject the coatings to an additional 
test in which the coating will be in contact with lead in air at 1500 
to l800 degrees Fahrenheit to determine the resistance of the coating 
to the lead oxide. 
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Magnification 5OOX 

Fig, 5. Chromized Coating on Molybdenum 

MND-P-5005 



25 

Magnification I5OX 

Fig. 6, Colmonoy Number 5 Coating on Chromized Molybdenum Surface 
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C, BRAZED MOLIBDENUM CLOSURES 

The stainless steel brazing alloys have shown good wettability on 
molybdenum surfaces and acceptable brazed molybdenum joints have been 
made in the laboratory. 

Brazed molybdenum joints that have been corrosion tested in molten 
lead have maintained strong bonds after 500 hours exposure to the molten 
lead at I5OO degrees Fahrenheit. It appears that the brazed sections 
which present a minimum amount of exposed brazed surface to the lead are 
sLLmost unaffected by the lead. However, the same brazing alloys will be 
corroded by the lead when a large surface area is exposed. 

Initial attempts were made to braze molybdenum threaded joints by 
painting the threads with the brazing compound before assembly. These 
joints, although bonded, showed large unbonded areas without smy braze 
material in the ^ p between the threads. Continued studies on the 
brazing of threaded molybdenum joints showed that those joints made 
with an excess of braze alloy allowed to infiltrate into threads were 
superior to brazes made by the conventional methods. The brazed joint 
shown in Fig. 7 was made by forming the brazing alloy into a bushing 
by compacting in a die at approximately five tons per square inch. The 
molybdenum threaded parts were assembled and the compacted bushing was 
placed on the molybdenum assembly in contact with the upper thread. 
The pieces were then heated in an argon atmosphere at 2000 to 205O 
degrees Fahrenheit to allow the brazing alloy to melt and infiltrate 
into the gap between the threads, smd bond to the molybdenum. 

A number of simulated fuel assemblies were made by this method 
using CeOp pellets, lead thenaal bond,and molybdenum-containing tube 
and plug. The fuel pellets were inserted into the molybdenum tube and 
a lead slug was placed on top of the pellets. The assembly was then 
heated in argon to 2000 degrees Fahrenheit to allow the lead to melt 
and flow into the annulus between the CeOp pellets and the molybdenum 

tube. The molybdeniam plug was then threaded into the top of the tube 
and a ccmpacted bushing of the brazing alloy placed on top of the 
assembly, which melted and flowed into the threaded joint. The entire 
operation was accomplished at 2000 degrees Fahrenheit in an argon 
atmosphere. Figure 8 shows a section of the fuel assembly made hj 
the described procedure, 

D. OAK RIDGE NATIONAL LABORATORY EXPERIMENT 

During this period, ORNL separated approximately 80O curies of 
Cerlum-l44 from old fission product wastes from Arco, Idaho. This 
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Magnification 7X 

Fig. 7. Section of Brazed Molybdenum Threaded Joint 
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separation was made on a laboratory scale to check out the separation 
process and also to perform hot pelleting operations to produce sample 
fuel pellets for the SNAP program. The results of these experiments 
are reported in "Cerium-l44 Fission Product Source Fabrication", by 
E. Lamb and T. A. Butler, dated July 11, I958. The data include 
specific activity, weight and volume measurements, heat output, shrink­
age, and radiation output. Figure 9 Illustrates the sample pellets 
fabricated at ORNL. 
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IV. TASK IV - MATERIALS CORROSION PROGRAM 

This task covers the selection of materials required for the various 
sub-assemblies of the two half-power boilers. Considered in the program 
are the various construction materials, and the way they are affected 
when in contact with liquid metsLLs, Progress during the past quarter 
has been concentrated on the reaction rates of various metals and 
ceramics in contact with liquid lead, mercury ira,por, and liquid mercury. 
Further details concerning these erxperiments are presented in this 
chapter. 

A. DYNAMIC MERCURY TESTING 

Major modifications were made to the dynamic mercury test loops 
before they could be properly operated. The Crol^ 5 Ti loop was 
operated first, and further modifications were found necessary after 
the initial test run. The heat generated in the steel cabinet was so 
great that the insulation on the wiring suid the pitch in a transformer 
melted. The unit was shut down, rewired with high temperature glass 
insulated wire, and the transfonaer was placed outside the cabinet to 
keep it cool. After these modifications, the unit was placed in oper­
ation. The Croloy 5 Si loop was similarly rewired and placed in operation. 

The Croloy 5 Ti loop ruptured after approximately 150 hours of 
high temperature operation. Metallographie study of loop specimens 
is not yet complete, but it is believed that the rupture can be attri­
buted to two factors: 

1, The boiler tubing at the point of rupture was l/2 inch 
Inside diameter with the same wall thickness as the l/4 
inch inside diameter tubing. This larger diameter reduced 
the allowable working stress which was already near the 
limitj 

2. Boiler corrosion reduced the wall thickness at the boiler 
exit until the tube ruptured. There was a considerable 
quantity of black powder, apparently soluble alloy 
constituents, which precipitated out of the cool mercury 
and was distributed in the return leg of the loop. Heat 
transfer in the boiler also became noticeably worse as 
operating time increased. All evidence points to a high 
corrosion rate of the hot dynamic mercury on Croloy 5 Ti. 
This material has been dropped from consideration and all 
of the Croloy group may be eliminated after further study. 
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Materials are being procured and assembled for a Carpenter 20CB 
test loop. Design changes were made in the Carpenter loop to alleviate 
the difficulties encountered in the Croloy loops. 

Large scale mercury reprocessing equipment was put into operation. 
This purification equipment consists of an oxifier of 150-pound merciiry 
capacity, a gold seal filter which will remove dirt oxide, dust, oil 
and water from 250 pounds of mercury in ten minutes, and a vacuum 
still which will deliver 5 to 7 l/2 pounds of purified mercury per hour 

B. STATIC LEAD TESTING 

1. Refilling Boiler Mock-Up 

A large lead piirifier was prepared to deoxidize 25 pounds of lead 
per run. After the unit was wired and insulated a test was made, and 
it was determined that a current of four amperes would produce the 
desired temperature of 900 degrees Fahrenheit. Ninety pounds of lead 
were then purified for the boiler. 

2. Lead Corrosion Tests 

The lead corrosion test procedure for cerium dioxide fuel pellets 
was modified to simulate actual conditions that will ultimately exist. 
This involved the preparation of molybdenum crucibles and the discon­
tinuance of the use of graphite in the testing area. Thirty lead 
corrosion tests of cerium dioxide pellets were completed. The cerium 
dioxide pellets do not show any change in appearance but there is 
usxjally some cracking or chipping of the samples at the completion of 
the lead tests. Because of this tendency and because of seme results 
which might be erratic, it is impossible to definitely correlate the 
test results. Tentative correlation of these static lead test results 
indicates that cerium dioxide samples containing titanium dioxide as 
a constituent withstand the 500-hour, 1500 degrees Fahrenheit lead 
test better than samples which contain calcium fluoride or calcium 
carbonate. Additional tests will be cetrefully run on samples of the 
composition which have given the best results. Lead will also be 
heated in a vycor container to see if there is any visible reason for 
mechanical failure of the samples at 1500 degrees Fahrenheit in lead. 

Fifty lead corrosion tests were completed on brazed molybdenum 
joints. Sandwich test sections of molybdenimi brazed with Nicrobraz 
and Coast Metal aU-oys give better resistance to lead corrosion than 
single molybdenum coupons coated with the alloys. Nicrobraz 50 stnd 
Nicrobraz 150 give slightly better results than the other alloys. 
Six brazed molybdenum screw samples were also tested. Nicrobraz 50 
and Nicrobraz 150 also gave the best results for the screw samples. 
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Nine tests were completed on Colmonoy oxidation resistant c<mtlngs. 
No definite conclusions can be drawn from these initial tests. However, 
molybdenum crucibles were xised for holding the samples and the samples 
showed greater attack where they were in contact with the crucibles. In 
actual use these coated molybdenum block materials will be in contact 
with stainless steel. Therefore, stainless steel crucibles will be 
fabricated for future testing of these oxidation resistant coatings. 

C. RESULTS 

The results of the lead corrosion tests (500 hours at 1500 degrees 

Fahrenheit) are given in Tables 5, 4, and 5, 

TABLE 5 

Lead Tests on Cerium Dioxide Fuel Pellets 

Sample 

5 AC 1 

9 AF 1 

11 AG 1 

21 

22 

25 

24 

V 1 

¥ 5 

V 4 

W 1 

Composition and Density 

Density 1€0^ 
98.75^ CeOg 

1.25^ NdgO^ 

Density 95.8^ 
98.75^ GeOg 

1,25^ NdgO^ 

Density 97-8^ 
98,75^ CeOg 

1,25^ NdgOj 

Density 92.6^ 
95^ CeOg 

3I0 NdgO^ 

Density 91-6^ 
95^ CeOg 

5i NdgO^ 

Density 91.1^ 
95^ CeO^ 

5^ Nd^O^ 

Density 96.8^ 
97.5^ CeOg 

98.75^ mixfcure 
with 1.25^ TiOg 

98.75^ mixture 
with 1.25^ TiOg 

98.75^ mixture 
with 1.00?̂  TiOg 

and 0,25^ CaCO 

95^ mixture 
with 5^ TiOg 

95^ Biixture 
with 5i> TiOg 

95^ mixture 
with 5i> TiOg 

97.5^ mixture 
with 2,5^ CaFg 

Results 

Small hairline 
crack around 
center 

One very small 
chip 

No visible 
defects,0.6^ 
^in in weight 

Chipped on 
one ed^ 

Small hairline 
crack about 0,5 
inch long 

No change in 
sample 

Shattered into 
saany pieces 
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TABLE 4 

Lead Tests on Brazed Molybdenum Samples 

S;peeimen 

2 sandwich 

Nicrobraz 30 run in 
argon l/2 hour at 2200 
degrees Fahrenheit 

1 single coupon 

2 single coupon 

3 single coupon 

4 single coupon 

Inhibitors 

None 

5 single coupon 

6 and 9 coupoias 

7 single coupon Zr and Ni 

Weight Change 
(per cent) 

+0.36 

-2.84 

Remarks 

No chsmge in sample 

Zr and Ni 

None 

Zr and Ni 

Zr and Ni 

Zr and Ni 

None 

-1.58 

+0.475 

-3.58 

-4.33 

-4.66 

-2.54 

Sample looks good 

Sample looks good 

Sample has some of 
coating removed 

This sample was sand 
blasted before ccmt-
ing. Coating flaked 
off during chemical 
cleaning 

Sand blasted sample 
coating flaked off 

These samples were 
joined when received 
and remained joined 
during the test. 
Slight flaking of 
coating. 

Itegreased before 
cc®.ting. Some of 
brazing aUoy removed 
during t e s t 
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TABLE 5 

Lead Tests on Oxidation Resistant Coatings for Molybdenum 

Specimen 

1 Colmonoy 4 pellet 

2 Colmonoy 5 pellet 

5 Colmonoy 6 pellet 

4 molybdenum slug 
coated with 
Coljronoy 4 

5 molybdenum slug 
cc«ted with 
Colmonoy 4 

6 molybdenum slug 
cc»ted with 
Colmonoy 5 

7 molybdenum slug 
coated with 
Colmonoy 5 

8 molybdenim. slug 
coated with 
Colmonoy 6 

9 molybdenum slug 
c^ted with 
Colmonoy 6 

Inhibitors 

Zr and Ni 

Zr €uid Ni 

Zr and Ni 

Zr and Ni 

Zr and Ni 

Zr and NI 

Zr and Ni 

Zr and Ni 

Zr and Ni 

Weight Change 
(per cent) 

40,17 

-3.7 

-3.1 

-2,1 

-1.2 

-0,8 

-0,25 

-1,1 

-1.5 

Remao'ks 

Oxide coating 

Bs&ry oxide coating 

Heavy oxide cc»ting 

Lead test has removed 
costing ccmpletely 
from one side of 
specimen. This spot 
is 1/4 inch in diameter 

Costing removed as 
specimen is much 
smoother than before 
test 

Smoother surfaces on 
side and bottcm 

Sample looks good 
except for surface 
that touched bottom 
of molybdenum crucible 

All surfaces smooth 

Coating almost 
completely removed 
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V. TASK V - POWER CONVERSION SYSTEM PROGRAM 

During this report period, component testing was accelerated in an 
attempt to establish proper component clearances and operating conditions 
for the Turbine-Alternator Test Package. Turbine-Alternator Test Package 
fabrication and assembly were completed and package testing was initiated. 

A. SYSTEMS ANALYSIS 

A preliminary extended life study of the s-ystem has been completed 
and a report written describing the potential life of the system and 
several possible control schemes for achiering this extended life. 
Briefly, this study indicated that with the addition of a load control, 
the system is capable of producing in .excess of 250 watts for about six 
months. 

A study was made of the effect of piping arrangement and tolerances, 
and rotating unit speed variation on vehicle attitude. The results 
indicate: 

1. That piping must be arranged to minimize the effect of angular 
momentum on attitude stability; 

2. That piping tolerances in the order of + l/l6 inch will present 
no attitude control problemj 

5. That the allowable speed change for the unit will be governed 
by attitude control limitations and is approximately + 2000 
revolutions per minute (depending on the inertia of the rotor). 

A study was made of the effect of ̂ roscopic torq.ues on bearing 
loads which would be encountered during test of a rotating unit on a 
centrifugal accelerator. Results of the study indicate that optimum 
simulation of launch loadings on the unit would be obtained by orienting 
the axis of the test unit ĵ raJJLel to the axis of the accelerator. 

Displays were prepared and the necessary data compiled for pre­
sentation at the NAPS coordination meeting in May. 

A preliminary study of start and stop technlq.ue8 has been completed 
and a report has been written describing a recommended system. This 
system utilizes alternator motoring, an external mercury supply, 
externally powered heaters, ajad a load, control. 
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The problems associated with arranging the power conversion system in 
the vehicle have been studied and major arrangement requirements have been 
defined. These include: 

1. Orientation of power conversion rotating package to eliminate 
gyroscopic torques| 

2. Arrangements of fluid loops to cancel the mercury angular 
momentum to eliminate disturbsuaces due to gyroscopic forces 
and change of system flow ratej 

3. Selection of relative condenser and pump positions to insure 
minimum pressure drops in the pump inlet lines and to insure 
a positive pump priming head during ground operation and 
launch! 

h. Selection of relative positions of boiler atnd pressure regulator 
to eliminate boiler pressure fluctuations due to mercury levels 
during the launch; 

5. Arrangement of a temporary heating system for turbine exhaust 
line to prevent backflow of mercxary condensate during launch. 

The requirement, recently emphasized by Lockheed Corporation,of 
permitting the gas bottle extension mechanism to pass through the cir­
cumference of the aft section of the vehicle has caused revisions in 
system arrangement plans. With this factor it will be necessary to 
utilize either a split condenser, or a condenser placed on a single side 
of the vehicle. This question is presently being evaluated. 

B. TUEBIHE 

A report of the results of the 400-watt axial flow air impulse 
turbine aoad an analysis of the accuracy of the data obtained have been 
completed. Tests of the air turbine with equiangular bladed wheel, 
shown in Fig, 10, indicate a maximum adiabatic aerodynamic efficiency 
of 42.5 per cent, and over-all efficiency of 4o per cent at U/C., =0.28 

(total static basis). These results were at design point conditions 
with inlet pressure at 200 psia, exhaust pressure at 60 psia, and inlet 
temperature at 150 degrees Fahrenheit. Tests conducted under the same 
conditions, except for the inlet temperature of 75 degrees Fahrenheit, 
indicate substantially the same results. These results are not signifi-
caxitly different from those obtained with the asymmetric bladed wheel. 
The most likely explanation of this result is that separation occurred 
at the suction side of the trailing edge of the wheel blades, thereby 
preventing the maximim reduction of tangential gas velocity. 
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Fig. 10. Equiangular Bladed Air Turbine Wheel 
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TATP-1 tests during the month of June included one hot run and a 
nozzle calibration for flow measurement. Because of operational diffi­
culties, a maximum speed of only 7000 revolutions per minute was achieved. 
A test report will be issued, but this will consist mainly of indicating 
the exposure to Hg vapor and the fact that no mechanical interference 
or erosion was evident in the turbine section. 

Nozzle calibration is presently incomplete because inlet temperatiare 
was limited to 1000 degrees Fahrenheit, due to insufficient line heater 
capacity and available test cell time. Analysis of those data which 
were obtained is in process, 

A nozzle calibration test procedure, desired information, and method 
of data reduction have been established. A study to determine the effects 
of TATP seal clearance on turbine perfonnance was accomplished. In general, 
an increase of 0.001 inch in the radial clearance of all labyrinth seals 
in TATP-1 will decrease the turbine efficiency approximately three per­
centage points. Further running experience with TATP will be required to 
determine if the O.OO3 inch design clearances can be decreased. 

Integration of partial admission equations into the IBM program for 
full admission axial flow turbines is nearly complete, E2q)ected completion 
of the full program, including checks on the IBM process, is July 11. 

Actual disk drag measurements on the equiangular air turbine have 
been made. Data reduction and analysis are in progress. 

A dynamic similarity eumlysis for air-Hg smd argon-Hg turbine oper­
ation has been completed for the second and third stages of TATP. This 
study consisted of attempting to establish the major parameters which 
influence turbine efficiency, isolating the relative effect of each pa­
rameter on performance, and determining the possibility of correlating 
the effects of parsimeters of air turbines with mercury turbines. 

C, PUMP 

Extensive pump tests were conducted in the last quarter of Fiscal 
1958. Test results with an 11/16 inch diameter slinger pump indicated 
good ability to operate at low inlet pressures, but with low efficiency. 
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Two vaned centrifugal pumps were designed, fabricated and tested. 
One pump employed vanes on the back face to effect a seal and reduce 
shaft leakage. These pumps performed well, but still could not meet the 
low inlet pressure requirements at flow rates in excess of 10 pounds per 
minute. 

Three additional slinger-type pumps were designed and fabricated to 
allow investigation of the effect of the inlet on slinger performance. 
Extensive pump analysis work indicated that two stages of pumping would 
be required to obtain the design performance. Among possible arrangements 
would be combined slinger and centrifugal pumps emd jet centrifugal pumps. 

A Jet centrifu^Q. pump, combining a jet boost pump with a vaned 
centrifugal pump, was designed and tested. This pump attained the design 
performance (l5-pound per minute flow, 27O psia discharge pressiire, 1.86 
psia inlet pressure). Efficiency of this pump was approximately 20 per 
cent. 

Tests of an expanding screw-type (spiral) piaap indicated the 
performance to be lower than for the vaned centrifu^LL pumps. However, 
damage to the leading edge of one of the two blades may have appreciably 
reduced performance of this unit. 

A comparison of test results obtained with three of the pumps 
tested, vaned-centrifugal (centrifugal), vaned-centrifu^Q. and jet 
(jet-centrifugal), expanding screw (spiral), is shown in Fig.11 . 
Figure 12 illustrates several of the configurations which were tested. 

The vaned centrifugal, pximp was released to the Prototype Group for 
incorporation into the Preliminary Prototype unit. 

A pump-dynamcsaeter design, to allow accurate evaluation of pump 
power consumption, was completed. 

D, CONTROLS 

During April, extensive testing of the breadbcstrd pressure regulator 
was perfoimed. Results of these tests were applied to the design of the 
prototype regulator on which fabrication was completed in June. 

Static rests were initiated to substantiate the design characteristic 
of the regulator and the effectiveness of modulation control on the 
regulator, Figure 15 is a static point plot of Regulated System Pressure 
versus Alternator Frequency. Figure ik shows the assembly drawing of the 
preliminary prototype regulator. Figure 15 is a photograph of the regula­
tor and the high temperature torque motor used for modulation feedback. 
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Jet - Centrifugal 

Speed - 40,000 rmp 
Inlet Pressure - 1.9 psia 
Temperature - 70°F 
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Outlet Flow - Ib/mln 
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Fig. 11, _ Pump Characteristic Curves 
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Fig . 12. Pianp ConfigurationB 
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Fig. l4. Mercury Throttle 
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The p«.ckaging of the functional prototype frequency-discriminator-
transistor amplifier was completed in May and tests were conducted in June. 
The basic schematic diagram and photographs of the package are shown 
respectively in Figs. l6^ 17, and l8. The response characteristic of the 
frequency discriminator is shown in Fig. 19- Figures 20 and 21 are 
amplifier gain characteristic curves plotted for various transistor beta 
values and circuit resistance values as indicated by the basic equiva­
lent circuit of Fig. 22 and the schematic circuit diagram, Fig. 23 . 
Figure is a plot of torque motor current versus alternator frequency 
for the frequency-discriminator-translstor amplifier package. 

A breadboard-type half-wave magnetic amplifier was constructed and 
tested. After this circuit was modified to give optimum performance, it 
was determined from further tests that a half-wave magnetic amplifier 
is not capable of providing adequate feedback system gain. A full-wave 
configuration is planned for future testing, euid cores for this unit have 
been ordered and will be wound in August. 

Several start-up and shut-down techniques for the SPTP units and 
extensions of these techniques to the GEPS and flight units have been 
considered. There are many system component requirements which make 
multiple start and stop capabilities a difficult task to achieve. 
After considering these factors in detail, the following conclusions 
were drawn, based on present component developments and infoirmatlon, and 
on probable advances in state-of-the-art ccmponent developments. It 
should be understood that though many alternatives exist, the approach 
suggested in each case is felt to be satisfactory and feasible. 

1. It is expected that the bearings will require lubrication at 
all times. To accomplish this an auxiliary supply is proposed 
which will provide 200 psia mercury to the bearing sockets, 
while the same quantity of mercury is removed from the bearing 
drain lines, thus maintaining total system inventory at a 
constant level. By means of two simple check valves, this 
supply can be made to operate only when the shaft-driven pump 
is operating at reduced speed. 

2, It is required that the turbine and alternator cavities be 
free of liquid prior to and during start-up. This can be 
accomplished by preheating the cavities and by relying on the 
labyrinth seals to restrict the flow of mercury into the tur­
bine and alternator cavities. This approach will also reduce 
the effects of thermal shock and possible condensation of 
vapor to liquid when the merciory is initially fed to the tur­
bine. 
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3, Seme method of inducing rotation is required. To accomplish this 
it is desirable to operate the alternator as a motor to accelerate 
the unit to approximately 30,000 revolutions per minute. This 
will require a variable frequency power supply to bring the unit 
up to speed while operating as a synchronous motor. The rate at 
which acceleration is accomplished may be programmed and controlled 
by a suitable servo timing system. Alternator motoring will 
eliminate the need for an extenml bearing mercury supply if an 
internal accumulator is employed. 

h. It is required that the system pump be under a slight head (2 
psia min) at all times. To insure that mercury is available 
and the cavitation problem is held to a minimum, the pump shaft 
line of center will be located at least four inches below the 
liquid level of the system. This will also assist in sustaining 
pump operation during launch. 

5, A suitable electrical load is required along with certain switching 
devices to control the transition between alternator motoring and 
generation. The switching will be controlled by a speed-actuated 
relay which will disconnect the variable frequency generator and 
switch in a "stabilizing load." The "stabilizing load" can be a 
series resonant circuit which will tend to provide a power balance 
within the system at about 40,000 revolutions per minute. The 
stabilizing load will resist any tendency for the system to run 
away on acceleration and will be replaced by a constant power load 
designed by Lockheed once the system reaches a state of reasonable 
dynamic equilibrium. 

E, ALIERMTOR 

1. Radial-Gap Alternator 

The radial-gap alternator, which is intended to be the Prototype Unit, 
MB-B designed, fabricated and tested. Figure 25 is a photograph containing 
the wound stator and the rotor with its retainer sleeve. A curve of voltage 
regulation versus Icmd at unity power factor is shown in Fig. 2 6. The 
total harmonic distortion at no load was less than two per centj and at 
rated l(»d and unity power factor, the distortion was less than five per 
cent. These tests, however, were performed without a protective metal 
sleeve between the rotor and the stator. 

A program was initiated to evaluate materials that may be used in lieu 
of the metal sleeve presently used to protect the stator windings from the 
mercury vapor atmosphere within the package. Although most of the materials 
proved unsatisfactory, several glass ccmpoiHids showed premising results. 
This program will continue. 
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Another method of protecting the windings is the use of a ccmpletely 
closed stator slot lamination. These laminations have been designed and 
ordered. A stack with this configuration will be fabricated and tested. 

Rotors, both with and without shrink rings, have been tested to 
speeds above 52,W)0 revolutions per minute, without failure or detrimental 
effect. 

The altenmtor test rig was also modified to acccsimodate the radial-
gap unit. The shaft was shortened to mlniiaize bearing overhang and 
substguent rotor runout, 

A study has been conducted to determine the availability of dynamometer 
equipment for efficiency testing of the alternator. Due to the high speeds 
and low torques involved, no available coimiercial dynamaneters are deemed 
suitable for the requirement. The reccmmended course of action is to build 
a dynamometer, using a high frequency induction motor. By trunnion mounting 
thB induction motor hoiming, the alternator torque would be measured. 

F, MA!IERIAI^ ETALUATIOl 

Th© metallurgical analysis of the 1010 steel and the stainless T̂ rpe 
hk6 loops, which were tested for 100 hours at 750 degrees Fahrenheit, 
has Indicated that no significant corrosion or mass transfer occurred. 
The more significant test data are summarized briefly as follows: 

1010 Carbon Steel Loop (lOO Hours); 

S^cimea weight before test, ©ruias 

Specimen weight after test, grams 

Weight loss, grams 

Gorrosioa rate, inches per year 

Change noted by microscopic examination 

Weight loss is considered insignificant 

No foreign metal ̂ urticles were noted in the mercury. Dissolved metals 
noted in mercury were small quantities of zinc (believed to have heen 
introduced during cleaning) and iron. 

Boiler 
?10.622 

210,569 

0.055 

0.0C»2 

None 

Condenser 
211.245 

? n . 2 l 4 

0,031 

0.0032 

None 
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Boiler Condenser 

208.813 

208.875 

0.060 

208.029 

208,062 

0.033 

Type kk6 Stainless Steel Loop (lOO Hours): 

Specimen weight before test, grams 

Specimen weight after test, grams 

Weight ^in, grams 

Weight gain is considered insignificant 

Some oxidation was noted which may account for the weight gains. No change 
was noted by microscopic examination. No foreign particles were observed. 
Dissolved iron appeared in the mercury after the run. 

These two 100-hour corrosion tests were used to establish a testing 
procedure. Evaluation revealed a need for further refinement of the 
methods of sample preparation, insulation, and instrumentation. Coordi­
nation with The Martin Company led to test rig modifications and a revised 
test procedure. One of the modifications made was the improvement of the 
loop insulation by installing the loop between two slabs of insulation, 
as illustrated in Fig. The development of the test procedure and 
test program were fully coordinated with The Jfartin Company to insure 
results consistent with the needs of both Martin and Thompson. 

Installation of fittings and air ducts for concurrent testin.g of 
eight loops was completed. Test loops of Type 316 stainless steel and 
Croloy 5 Si have been fabricated and are ready to be tested. 

A report has been written, summarizing the reasons for material 
choices on the TATP unit. An expansion of this effort is also being 
conducted to define material choice possibilities for the prototype units 
and the mercury conditions to which the various materials are subjected. 

Several silicone rubber and epoxy materials were tested at 550 
degrees Fahrenheit and 23O psi pressxare in static liquid mercury. None 
of these materials tested were found to be acceptable for this program. 
The existence of material limitations was cleaxly indicated. 

Tests were conducted in an effort to find materials satisfactory 
for protecting silver soldered transducer diaphragms from mercury. No 
satisfactory materials or coatings were found. 

G. CONDENSER 

In preparation for the design of the simple condenser model, all 
analytical work to date was reviewed. These analytical studies Included 
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IBM 650 computer energy and momentum studies for both stratified and fog 
flow conditions considering fluid phase change for flow through both 
tubes aaid flat plate ducts. Pressure drop as a function of heat rejection 
rate and condenser geometry were evaluated for flat plate designs. A 
correlation of inventory as a function of condenser geometry was also 
made. From these studies a simple condenser model suid auxiliary test 
apparatus were designed auid fabricated, "The experimental test model 
consists of a rectsuagular flat plate condenser (j feet long x 1 foot 
wide X l/8 inch thick) with one surface insulated and the other side 
cooled by forced convection with air. The heat transfer axes, of the 
condenser is one quarter of that anticipated for the system condenserj 
and the convection heat transfer is similar to the equivalent calculated 
radiation coefficient. The following data can be obtained from the test 
rigj 

1. Air temperature at two-inch intervals in the direction of 
air flowi 

2. Mercury temperature or pressure taps at three-inch intervals 
in direction of mercury flow| 

5. Air flow measuared by a sharp edge orifice | 

k. Mercury ¥apor flow measured by a calibrated choked flow 
nozzleJ 

5. When the condenser is operated in the vertical position^ the 
liquid level observed by a sight glass| 

The purpose of the flat plate condenser tests is fourfold: 

1. To determine the effects of condenser heat transfer area, air 
side heat trsaisfer coefficient^ ajid air temperatiires on con­
denser pressure 3evel| 

2. To obtain condenser mercury heat transfer coefficients; 

5. To obtain pressure drop over a rsmge of operating conditions! 

k. To observe the maximum pressure variations at condenser exit 
when condenser is operated in various orientations. 

All detail drawiaags for the condenser test model were completed on 
June 11, 1958. As of Jime 50, 1958, all test model components were 
fabricated or received from vendors with the exception of Swagelok 
fittings and two minor machining tasks on the air duct. Figures 28 and 29 
are photographs of the condenser and cooling air channel, respectively. 
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A study of condenser performance when subjected to launch acceleration 
leads was initiated. The approach used was to modify the momentum equations 
for stratified flow to include the acceleration force term. The energy, 
momentum and continuity differential equations in numerical foirm luay be 
programmed for a digital computer study. The direction of the acceleration 
forces during launch and at various positions along the vehicle trajectory 
were also considered and may be incorporated as force vectors to be used 
to modify the mcmentuM equations. If these analyses were used in a ccanputer 
stu<3y, it may be possible to establish an indication of both pressure drop 
and mercury inventory at vaxious points along the trajectory for a con­
denser in which the condensing phenomemon is satisfied by the mathematical 
model. 

General analysis of condenser geometry indicates that for any 
practical configuration^ the pressure drop will be excessive for fog 
flow. Detailed analysis of a packed bed mercury condenser indicates 
that low pressure drops are obtainable in a porous bed. An aiaalysis 
was made to determine the condenser-subcooler demarcation zone in a 
heat exchanger and to study the stability of the demarcation zone when 
the condenser is subjected to external forces. It was concluded that 
the draaareation zone between condenser and subcooler is determined by 
mercury inventory amd flow regime. The zone may be unstable if external 
forces are imposed, A stable zone is important since an increase in 
condenser ajrea and corresponding decrease in subcooler area may cause 
the pump to cavitate dia® to low pump inlet pressure and high liquid 
temperature. 

H, BEEADBQAED TEST FROGHAM 

1. Test of TATP 

Following the installation of the Turbine Alternator Test Package 
(TATP) in the breadboard system on May 5, 1958, a series of hot and 
cold merciiry static bearing tests were conducted and the unit was run 
on nitrogen gas, A maxlmuBi operating speed of 20,060 revolutions per 
minute was attained. Operation on hot mercury vapor was next conducted 
at rotational speeds up to 17,500 revolutions per minute with I38 psia, 
930 degrees Fahrenheit mercury vapor. This test wis discontinued due 
to reductions in bearing socket pressure. 

In June, calibration of the turbine nozzle was initiated but 
discontinued because of a turbine line heater failure. At this stage 
in the test program, the TATP was received (June I5, I958) by the 
test group and installed in the breadbcmrd on June Ik, I958. On June 
16, 1^8, the installation was com,pleted, the system was checked out, 
and a cold mercury static bearing test was conducted. 
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The TATP was set up for hot mercury operation amd a hot mercury static 
bearing test was conducted on June l8, 1958. On the following day, the 
unit was operated on hot mercury vapor. In this test difficulty was 
encountered in bringing the turbine up to speed due to excessively tight 
bearing clearances. A maximum speed of "J^O revolutions per minute was 
achieved. At this time it was noted that excessive bearing torque was 
required and the test was discontinued. 

The test setup was modified to incorporate the equipment for cali­
brating the TATP turbine nozzle. A calibration test was conducted on 
June 2kf 1958. This test was limited to 1000 degrees Fahrenheit due 
to line heater capacity. Analysis of data is still in process. 

The test setup was dismantled and a bearing calibration test fixture 
was installed in the breadboard. This bearing fixture permits checks of 
bearing clearances. Tests were conducted on June 25, 1958, which verified 
that the bearing dimensions and clearances on the TATP rotor and besiring 
sockets gave flows sind socket pressures within the limits previously 
established by the bearing tests. 

Tbs TATP was then installed in the test rig for mercury vapor testing. 
This test was conducted as follows: 

Hot Static Bearing Tests were first conducted. With flow to both bearings 
supply pressures ranged between 238.5 and 2^5 psig, the socket inlet 
pressures between 107.5 and 1^0.1 psig, and the total flows between 9.7 
and 12.1 pounds per minute, The mercury supply to each bearing was alter­
nately closed off and data were recorded. With flow to the alternator end 
bearing only,the socket inlet pressures were between 2^.7 and 29.^ psig 
and the flow was between 7,6 and 8.2 pounds per minute. With flow to the 
turbine end bearing only^the socket pressures were 22.7 an^ 30.6 psig, 
flows were 6.0 and 6.8 pounds per minute. The turbine inlet valve was 
opened and the turbine speed was raised to 2^,000 revolutions per minute. 
After 15 minutes of stable operation, the speed was raised to 30,000 
revolutions per minute. For approximately two hours the speed was then 
varied between 30>000 and 45,000 revolutions per minute and eight data 
points were recorded. At 31,000 revolutions per minute the turbine inlet 
pressure was 128.8 psig and the temperature 1226 degrees Fahrenheit. The 
exhaust temperature was 501 degrees Ffihrenheit at 25.8 inches Hg vacuum. 
At 40,000 revolutions per minute, the inlet pressure was 180.9 psig at 
1248 degrees Fahrenheit, 505 degrees Fahrenheit exhaust, at ffi.9 inches 
Hg vacuum. Turbine interstage pressure data could not be obtained due 
to malfunction of pressure indication. Total power output data are still 
being analyzed. To obtain verification of SLLternator and bearing power 
consumption, two spin-down tests were madej the first with fiill sitemator 
load and the second with no alternator load. 
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Additional static bearing data were recorded to conclude testing. 

Over-all results of this test are bein^ evaluated. The major result 
presently available is verification of turbine mechanical design and 
freedojfl froai critical shaft speed problems. Demonstration of successful 
bearing operation under prototyj® oj^rating conditions is also an important 
factor. 

2. Second Breadbeard Test Rig 

The caaponents of the second breadbcmrd test rig for which funds 
were made available were procured. 

I. PROTOrnH DEWLOnffllT 

During the last week in June and the first week in July, TAH*-! was 
installed in the breadb<»rd test rig and operated successfully. The 
unit was ope3rated at design speed, or above^ for one hour. Peak turbine 
inlet temperature and pressure reached were, respectively, 1290 degrees 
Fahrenheit and 223 psia. Data reduction has not been coapleted at this 
date, and no detailed test results are available. 

A description of this test run is also presented in Section J of 
this chapter. 

During the first week of May, the Turbine Alternator Test Package 
was installed in the bareadbcmrd test rig. During cold mercury static 
bearing tests, bearing pressure chsmges were noted, indicating the 
possibility of film buildup on bearing surfaces. 

A nitrogen run-up test at ambient conditions was conducted and 
data were recorded at 7,88o, 10,650, 10,310 and 10,340 revolutions per 
minute. This series of tests was discontinued, however, due to a 
combination of filia buildups and bearing scoring. 

During the second week of Bfey, additional precautions wer« taken 
in both the laboratory and shop to insure that impxirities and foi^ign 
materials would be eliminated fras. affecting future test work. The 
package was reassembled after ultrasonic cleaning of parts, A hot 
nitrogen test followed, during which the unit was oi^rated to 20,000 
revolutions per minute. Speed fluctuations occurred at this shaft 
speed and were later attributed to bearing surface contact. Bearir^ 
pressures remained constant while the package ira.s heated from 100 to 
500 degrees Fahrenheit, indicating that differential, thermal e:̂ ansiosi 
had negligible effect on bearing clearances. 

After interpreting the esspansion effects, it was decided to run 
the mercury vapor test without making changes to the unit. 
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The j^ckage was heated to 500 degrees Fahrenheit and the bearing mercury 
tentperature was 5OO degrees Fahrenheit. The unit started easily at low 
mercury vapor pressures aoad was operated for 36 minutes. During this time, 
data were recorded at sj^eds of 6,000, 8,000, 14,000 and 17,500 revolutions 
per minute. An attempt to reach 20,000 revolutions per minute was made, 
but socket pressures dropped to a low level (50 psig), and it was decided 
to stop the test after reaching 19*^0 revolutions per minute. 

During the third week of Ifeiy, as a result of disassembly difficulties, 
design changes of the nozzle nut, alternator lead fittings, and alternator 
and bearing drain fittings were made. The inability of the mercury vapor 
superheater to supply I3OO degrees Fahrenheit inlet vapor was also investi-
giated. 

Inspecticm. of the ̂ cfcage showed that the bearing spheres and sockets 
were scored. Other important diametral fits and clearances remained con­
stant. Thread gpOJ-ing was evident, however, wherever two soft materials 
were in contact. 

The bearing shaft was sent out for tungsten carbide flame-plating after 
removing score marks. Mated pairs of sockets and shafts of several combin-
atioas of materials and finishes were ordered. 

During th® last week of Ifey, the spare nozzle was prepaxed for a 
mercury vapcac ealibraticai. 

Data reducticm was ccmpleted of test data from the mercury run of 
TATP, Analysis of turbine data on the first test was limited because 
saturated isercury vapor conditions prevailed at the turbine inlet. 

The TATP test program was reviewed and a decision was made to use 
a blue-chip sha^ suad a set of electrolized chrcmie-plated sockets. 
Data obtained on the free rxmning test rig were used as a guide in 
estahlishing test conditions, 

Ifeta analysis from the first mercury vapor test established ajciaJ. 
and radiaJ. shaft load, but over-all performance was in question, since 
flow stability was not achiered. However, because of this analysis, 
greater radial load requirements were recognized. 

Additional capacity from the Sorgel tjrsmsfonaers was incorporated 
into the breadboard test rig to provide superheating requirements for 
the turbine Inlet Hg vapor line. 

During the second week of June, TATP schedules and objectives were 
reviewed and re-established. 
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Test I^cka^ TATP-2 was released for fabrication, to be completed 
by June 30, 1958. Additional shafts and sockets were ordered; these to 
cover any successful free-running rig configurations. 

Installation of the TATP test package into the breadboard was 
delayed because of thermocouple fracture. The test was rescheduled 
and the unit disassembled for thermocouple repair. 

During the third week of June, the unit underwent static bearing 
flow tests. The low flows encountered were attributed to extremely 
tight radial clesirances (O.OOOl inch). An attempt to evaluate the 
effects of bearing pressure fluctuation was discontinued because of 
condenser inlet valve leakage. 

It was decided to conduct a hot mercury test, even though radial 
clearances were small. Data were recorded at 3OOO revolutions per 
minute with mercury vapor as the working fluid. However, the unit 
stopped after several minutes. Several starts were made, but the unit 
came to a stop each time. In the final test a speed of 7300 revolutions 
per minute was reached, but indications of excessive bearing torque 
caused the test to be terminated. 

Ho difficulty -W&B experienced in the teardown and inspection of 
the unit. All parts appeared to be in good condition. 

Review of bearing configuraticaa requirements was made and 
recosmended clearances established and agreed upon with the bearing 
group. 

A Plexiglas bearing test flow fixture was designed to evaluate 
and eliminate bearing flow and clearance difficulties prior to assembly 
of the actual unit. This bearing test fixture was employed in a static 
bearing test. Data obtained agreed with previous bearing test rig 
data, indicating that suitable TATP besiring clearances had been achieved, 

A TATP assembly and test schedule was prepared. 

Heat losses between the superheater and throttle valve prevented 
the mercury vapor from reaching the I3OO degrees Fahrenheit necessary 
for a good turbine nozzle test. This condition was cori^cted. 

The assembly of TATP-1 was completed. This configuration Included 
established cleai^mces of an ungrooved set of sockets and bearings 
of the most promising configuration to date. This unit was then in­
stalled in the test rig and a brief description of operating experience 
has been given in the first part of this section. 
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The TATP-2 package is 95 per cent caaplete on fabrication of jaxts, 
and 85 per cent complete on assembly. Completed TATP-2 parts and sub­
assemblies are illustrated in Figs. 30 and 3I. 

J. BEARINGS 

As a result of the design and test program conducted during the last 
quarter of Fiscal 1958, the bearing performance susnnarized in !&ble 6 
was attained. Although the state of hydrosphere development as the end 
of Fiscal 1958 does not permit definite conclusions, tests indicate that 
a nongrooved socket configuration is desirable for maximum radial load 
capacity. Performance curves are shown in Fig. 32 based on composite 
dfl.ta derived from a number of modified and free-running bearing rig 
tests. These curves are representative of typical hydrosphere begtring 
performance and are dependent on axial and radiaJL clearances, as well 
as on capillary sizes. 

Several configtirations of the hydrosphere bearing, as listed in 
Kble 7 and shown in Fig. 55, were designed, fabricated and tested. 
Among these were two different types of hydrostatic padded bearings 
which were expected to demonstrate significant improvements in radial 
load capacity. Limited tests have shown that the slight improvement 
in performance over the end-fed hydrosphere is not sufficient to offset 
the greater complexity of these configxirations of the padded type. 

The test program outline in Table 8 included a number of partially 
successful endurance runs. Premature termination of some of these runs 
resulted from contamination or malfunction of auxiliary equipment. 
Replacement of suspected contaminant sources and improved purge-and-
fill procedures have minimized the first problem. An air turbine drive 
has been designed to eliminate the second. These problems, coupled 
with suspected excessive dynamic unbalance and with failure of plating 
material in the socket have resulted in the bearing failures listed 
in toble 9. A high speed balancing machine has been designed to permit 
dynamic balancing of the rotating assembly on the beaorings. Electrolized 
plating of the sockets has been discarded as unreliable. 

A hydrosphere bearing, incorporating an extended shaft to slmiilate 
the overhung pump shaft, was designed and fabricated. Changes in the 
pump-bearing concept made testing of this design to determine effect 
of pump seal leakage impractical. A new design was placed in the Shop, 
and fabrication is nearing completion. 

Because of anticipated Fiscal 1959 requirements, the new bearing 
rig, originally intended to test single bearings, has been initiated 
as a dual (free-running) bearing test rig which will incorporate the 
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Fig. 50. TATP Numter 2 Shaft and Bearing End Caps 



Fig. 31. TATP Number 2 Parts and Sub-Assemblies 
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Fig. 55. Various Configurations of the Hydrosphere Bearing 
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mercury pump, and which will be capable of environmental testing and of 
testing alternate bearing types. Modifications have been designed and 
were partially procured to improve the drive and measurements of radial 
load, torque, and bearing displacement of the modified bearing test rig. 

Analysis of short full journal bearings of three different 
clearance-to-diameter ratios indicated improved radial capacity. 
Assembly problems relating to alignment capabilities of the present 
free-running rig have delayed the fabrication and testing of these 
units. 

In anticipation of ultimate unpressurized start-ups and of need 
for increased resistance to attack by mercuiy and to scoring, work 
was initiated to evaluate promising types of anti-friction bearing 
steels and of cermets. A program has been set up for materials evalu­
ation in Fiscal I959. 
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TABLE 6 

1 

2 

3 
4 
5 

6 

7 
8 

9 

Specification 

Bearing Size 

Speed 

Minimum Axial Load Capacity 

Minimum Radial Load Capacity 

Jfaximum Frictional Power Loss 

Jfeximum Flow 

Minimum Supply Pressure 

Maximum Supply Temperature 

Minimum Life 

Bearing Performance 

Design 
Objective 

-

40,000 rpm 

32 pounds 

20 pounds 

100 watts 

10 Ib/min 

250 psig 

550° F 

l440 hours 

(a) 

(a) 

Best 
Single Test 

5 inch 

4o,000 rpm 

20 pounds 

6 pounds 

~ 150 watts 

avg. 7 Ib/min 

250 psig 

175°F 

104 hours 

Best 
Estimated 
Performance 

i inch 

40,000 rpm 

52 pounds 

20 pounds 

~ 120 watts 

~ 5 Ib/min 

500 psig 

550°F 

? 

Notes: 

a. Loads based on predicted system requirements at 8 g acceleration 

b. Perfonnance limited by test conditions and recorded values not necessarily ultimate capability. 
Bearings consisted of unplated "Blue Chip" balls and sockets with concentric radial clearance 
of 0.0002 to 0.0005 inch and total axial clearance of 0.008 inch.Socket was ungrooved with 50-
degree inlet hole, (see Tables 7 and 8 ) Unit was S/NQ 

c. Perfonnance values are based on best currently available MBTR test data. Attainment of this 
performance in a dual bearing assembly is dependent on solution of design problems associated 
with dimensional stability and control, mercury cleanliness, materials, capillary size, etc. 
Improved performance may be attainable with modifications of configuration. 



TABÎ  7 

;^nlrosphere Bearing Configurations and BfateriaJ. Combinations 

Bearing 
Size 

5/^ 

3/^ 

5/̂  

5/̂  

5/^ 

3/^ 

5/̂  
3/̂  

5/1̂  

3/4 
3/4 

3/4 

5/8 

1/2 

1/2 

1/2 

1/2 

1/2 

Material 
Socket Ball 

BC-SP 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC 

BC 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC-EP 

BC 

BC 

BC-EP 

BC 

Mo 

Concentric 
Radial 
Clearance 

0 

0 

Mo arc 0 
cast 

BC-FP 0 

BC-FP 

BC-FP 

BC-FP 

BC 

BC 

BC 

BC 

BC 

BC 

BC 

BC 

BC-J?'P 

BC-EP 

BC 

0 

0 

0 

0 

0 

0 

0.00005 

0.00005 

0 

0 

0.0001 

0.0001 

0.0001 

0,0001 

Socket Configuration 
Inlet (inch) Groove Other 

0.55 

0.16 

0.53 

o.i6 

0.53 

0.16 

0.53 

0.53 

0.16 

0.53 

0.31 exit 

0.31 

0.44 

0.35 

0.35 

0.35 

0,35 

0.25 

exit 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

None 

None 

Padded 

Padded 

Standard 

Standard 

Standard 

Standard 

Standard 

None 

Standard Design 

StAndard Design 

Standard Desi^ 

Standard Design 

Standard Design 

Standard Design 

Standard Design 

Standard Design 

Standard Design 

Standard Design 

1/4 inch diameter 
pads - 4 - side fed 

Bearing 
Serial Number 

Fl,8 Mil, 18 

M12 

M13 

Ml4 

M15 

M16 

M17 

Ml8 

M19 

M20 

M24 

l/l6 X 1/4 inch M25 
slots - is- - side fed 

Standard Design 

Standard Desi^ 

Standard Design 

Standard Design 

Tapered Equator 

Standard Design 

M21 

F5 

F5 M??R 

F6 

F7 

F4 



TABLE 7 (Cont'd) 

--3 
00 

VJ4 

Bearing 
Size 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

5/8 

Notes; 

Material 
Socket Ball 

BC 

BC 

BC 

SS420-SC 

BC-CP 

BC 

BC 

BC 

BC 

BC-EP 

BC 

BC 

BC 

BC 

BC-CP 

BC-FP 

BC-FP 

BC 

BC 

BC 

Concentric 
Radial 
Clearance 

0,0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0,0001 

0.0001 

0 

Socket Configurati 
Inlet (inch) Groove 

0.25 

0.55 

0.55 

0.25 

0,25 

0.25 

0,55 

0.512 exit 

Thin Plate 
Annulus 

0.27 

None 

None 

Wide 

None 

None 

None 

None 

Padded 

None 

Standard 

on 
Other 

Tapered Equator 

Standard Design 

0.100 inch wide 
grooves 

Standard Design 

Standard Design 

S-tendard Design 

Standard Design 

0.06 X 0.08 inch 
slots - 4 ~ ext, 
shaft 

Extended Shaft 

Standard Design 

Bearing 
Serial Number 

F9 

M22b 

M?2c 

FIO 

Fll 

FI5 

Fl4 

M26 

F15 

F2 M25 

1. Ifeterials 
BC - 18-4-1 "Blue Chip" High Speed Tool Steel 
EP - "Electrolized" Chrome Plate 
Mo - Molybdeniaa 
FP - Tungsten Carbide "Flame Plate" 

SS420 - Stainless Steel Type 420 
Sc - "Scottsonizing" Hardened Surface 
CP - Copper Plate 

2. Groove - Standard I/16 Inch Wide to Within I/I6 Inch 
of Equator 

3. Standard Socket Configuration -
Hemisphere with Standard or no Grooves 

Single Capillary - End Fed 

4. Bearing Serial Number 
F - Free Running Bearing Test Rig 
M - Modified (Single) Bearing Test Rig 



TABLE 8 

%dr08phere Bearing Test Time 

Bearing 
Size 

3/4 

5/4 

5/4 

3/4 

3/4 

5/4 

5/4 

3/8 

1/2 

1/2 

1/2 

5/4 

3/4 

1/2 

1/2 

1/2 

1/2 

s/n 
1 

l8 to 2 

n to 1 

15 to 2 

17 to 2 

16 to 1 

K! to 4 

2 

22 to 2 

22a to 2 

4 

24 to 5 

25 to 6 

5 

6 

7 

9 

Aactamulated 
Test Hours 

20,5 

22.5 

6.2 

26.2 

5.7 

5 

4.3 

69.5 

140.5 

18.4 

61 

2.5 

16.5 

1.5 

7.9 

16.0 

154.2 

Test 

F 

M 

M 

M 

M 

M 

M 

F 

M 

M 

F 

M 

M 

F 

F 

F 

F 

Speed Range 
1000 

(revolutions 

T̂ r mlnu-te) 

6,5 to 45 

5 to 40 

5 to 40 

10 to 40 

55 

5 to 40 

10 to 40 

4.2 to 44 

10 to 40 

10 to 40 

10 to 40 

10 to 30 

10 to 40 

10 to 54 

10 to 35 

30 to 40 

10 to 40 

Load Range 
Thrust Radial Power Loss 
(pounds) (pounds) (-watts) 

0 to 21 0 to 5.5 2 to 545 

0 to 61 0 6.5 to 567 

0 to 52.5 0 to 17.5 5.8 to 303 

0 to ̂ .7 0 to 8 7.8 to 598 

0 to 69 0 92.4 to 276 

0 to 19.4 0 5.9 to 551 

0 to 79 0 l4.2 to 507 

N.D. 

2.6 to 57 

N.D. 

0 to 5 H,D. 

0 11 to 191 

0 to 12.8 H.D. 

0 10 to 70 

0 to 4 N.D. 

0 to 5 N.D. 

0 to 7 71 to 1 ^ 

1.7 to 10.5 0 to 5.5 

0 to 48.5 0 to 5 

0 to 47 0 to 16 

0 to 25 

13 to 50 

7 to 31 

0 

0 to 6 

0 to 1 

0 to 22 

Flow 
(parts per 
million) 

10 to 32.5 

3 to 9 

2.2 to 7.5 

1.5 to 7.1 

2 to 4,5 

1.6 to 3.3 

5.4 to 15.2 

2.2 to 19.3 

0.5 to 10.3 

0.5 to 6.7 

4 to 12 

3 to 13 

1.3 to 12 

10 to 12 

4 to 6 

4 to 8 

5 to 7 

Lubricant Supply 
Temperature 

Pressure (degrees 
(psig) Fahrenheit) 

50 to 122 

60 to 160 

30 to 93 

51 to 182 

30 to l46 

5 to 36 

15 to 115 

45 to 1^ 

0 to 225 

70 to 238 

50 to 210 

81 to 229 

72 to 148 

120 to 167 

170 to 212 

133 to 190 

80 to 208 

70 to 165 

64 to 580 

78 to 150 

62 to 356 

78 to 426 

72 to 294 

66 to 218 

70 to 300 

64 to 175 

74 to 146 

68 to 560 

71 to 139 

90 to 177 

76 

74 

74 

70 to 270 

N.D. 
Not Determined M - Modified Bearing Test Rig F - Free Running Bearing Test Rig 



TABLE 9 

Summary - Endurance Tests 

Average 
Speed Ifereury Socket Inlet 

Run 1000 Average Load Flow Temperature Coajments 
Bearing Test Duration (revolutions Thrust Radial Power Loss (pounds per Pressure (degrees Reasons for Terminating Test 
Size 8/M Rig (hours) per minute) (pounds) (pounds) (watts) minute) (psig) Fahrenheit) Condition of Bearing, ete. 

3/lt 18 to 2 M 18 to 2 to 55 0 ~ 95 ~ 5 100 ~ U 5 Drive motor malfunctioned 

3/8 2 F 64.5 30 7 5.3 ~ 100 » 17.5 ^ to 170 75 to 340 Initially scored hearings 
{trcm previous test) - no 
change 

1/2 k F 29.5 to 5 to 20.7 2.8 to 3 . 6 - 1 2 0 ~ U.5 51 to l85 70 to 36O Contamination in test system 
hearing scored 

1/2 22 to 2 M kZ to 7 to to 3.5 to 5 30 to 58 1.6 to 3.3 17 to 15l»- ~ 95 Purpose of test accomplished 
no damage to hearing 

1/2 22 to 2 M 66.5 to 31 to to 5 - 41 to 69 I.7 to 2.4 150 to I90 85 to 280 Drive motor malfunctioned 
Klectrolized plating flaked 

1/2 9 F 104 to 20 6 + - 150 6.0 to 8.0 80 to 200 - 175 Purpose of test accomplished 
Ho damage to hearings 

Notes: 1 M = Modified Bearing Test Rig (l bearing) 

F = Free Running Rig (2 bearings) 
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VI. TASK VI - GRODUD TEST 

This test will be the first power test of the complete APU. It is 
designed to test the APU insofar as possible under actual launch-site 
conditions. 

The chronological outline of procedure as given in the previous 
quarterly progress report was reviewed, and Items 2 and 3 were changed 
as follows. 

Item 2 - All of the components of the APU will be assembled to 
form a complete unit or "module". The welds are then 
checked, and the system leak-tested. The circulation 
of the biological shield mercury is stopped amd the 
rate of heating of the biological shield mercury is 
measured. The APU module is then mated to the mock-up 
of the aft portion of the vehicle. 

Item 3 - The mock-up is then lowered into the pit, instrument 
and working lines installed, and the pit covered. 

An anaJ-ysis was made to determine the addition shielding required 
for this test in the Martin Critical Facility. A five-foot thick pit 
cover of ordinary concrete or 2^ feet of ferro-phosphorous concrete 
is required. Also, there will have to be additional concrete placed 
on the floor near the pit to keep the dose rates down to tolerance. 

The first investigations of the ^mma ray spectrograph showed 
that, using presently developed instruments and technology, the 
spectrograph could not be located inside the test pit due to the 
large ^mma field present. It was decided to use conventional 
instrumentation and install it at the end of a 100-foot long columnating 
beam tube inserted through the critical facility pit. The spectroscope 
equipment and instrumentation have been specified, and all of the instru­
mentation except the grey-wedge analyzer has been purchased. 

MND-P-3005 
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VII. TASK VII - SMAP-III 

During this period the conceptual design of the unit was coordinated 
with Westinghouse, and subcontract arrangements were completed. It was 
decided that The Sfartin Company would be responsible for the design and 
fabrication of the isotope fuel element and electrically heated fuel ele­
ment, over-all systems integration and testing, and vehicle integration. 
Westinghouse is to design the thermoelectric element, radiator, power 
converter, and the excess heat removal system. 

A system specification was coordinated with the AEC and Westinghouse 
and was distributed as MND-P-I285, The outstanding characteristics of 
the unit are to be: 

Power Output - 1 iratt 

Life - half-life of isotope 

Volume - 75 cubic inches 

Weight - 10 pounds 

Voltage - as required 

Heat Rejection - radiation only 

Environment - ballistic missile and earth satellite 

A. FUEL MATERIAL IMESTIGATIOH 

This subtask was concerned with examining the requirements for the 
radioisotope fuel for SIAP-III and determining the availability of the 
best material. While SHAP-III will ultimately be used in space vehicles, 
the initially produced device is a demonstration model to prove the 
feasibility of coupling radioisotope heat and thermoelectric conversion 
materials, 

The radioisotopes that were given serious consideration were 
Polonium-210, Cerium-lMl, and Curium-2i!-2. 

Cerium-lMl- was felt to be unsuitable for the initial unit since 
the shielding required for a 100 thermal watt source would be unwieldy 
for a demonstration model. The problems of shielding an operational 
unit could not be completely analyzed until a specific application or 
mission were proposed. 

Mra)-P-5005 
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Polonium does not form any solid compounds above several hundred 
degrees centigrade. It would, therefore, probably be unsuitable as a 
fuel material for an operational SHAP-III unit, due to launch abort 
hazards. However, its high specific activity, low gamma dose rate and 
ready availability make Po-210 appropriate for use in the demonstration 
model. 

Considerable time and effort were expended in determining the 
potential utility and availability of Curium-242 as a radioisotope 
fuel material. Appendix A includes much of the available information 
concerning Curiimi-242 and Americium-24l, its source material. It 
will be noted that Cm-242 has a very high specific activity (l20 watts 
per gram), low gsuMia radiation, and can be formed into a stable refractory 
oxide. The disadvantages in the use of this material lie in the unknown 
status of its availability and the neutron flux from its spontaneous 
fissioning. However, for the small sources required for SHAP-III, 
biological neutron shielding can be provided by several inches of a 
hydrogenous material such as water or plastic. Thus, Curium-2it-2, in 
the oxide state, would be a suitable fuel for both demonstration and 
operational units. 

The availability of Curium-242 was investigated in two technological 
areas: 

1, Availability of Am-24l; 

2. Facilities to separate the post irradiation transuranic 
elements from the fission products. 

Visits to the various sites separating Am-241 indicated that this 
source material would be available in quantities required for SHAP-III. 
The Martin Company has formally requested the Aircraft Reactors Branch 
of the AEC to confirm this finding. 

However, we have been unable to uncover any existing facility 
capable of handling the separation of fission products from the post 
irradiated americium and curium. This is due to the high level of 
fission product gamma dosage suad alpha activity associated with even 
gram quantities of Cm-242. That such a facility is needed and that it 
will be built is acknowledged by all interested parties. This unanimity 
is due to the requirements of the already committed research program 
to obtain gram quantities of berkelium and califomiim. 

The Chemical Technology Division at ORHL has made a proposal to 
the AEC to build the facilities and perform the processing necessary 
for the separation of these high transplutonic elements from large 
quantities of plutonium and fission products. This progrsun is scheduled 
(if approved) to be completed in late I96I. 

eMmsusx 
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The chemical techniques for performing the desired separation have 
already been developed. In addition to the ion exchange method utilized 
at Livermore, solvent extraction techniques have been developed at 
Argonne Hational Laboratory for "isolation of individual lanthanides 
and actinides from their admixture with other members of their groups 
and for the group separation af actinides from lanthanides," using acid 
organo-phosphates, This latter process (or the two in combination) 
holds great premise in obtaining efficient low cost separation for the 
quantities required. 

B, FUEL ELEMEHT DEVELOPJffilHT 

This progrsm is aimed at the development of a coating or coatings 
on a molybdenum fuel container for high temperature oxidation protection 
of the molybdenum and electrical insulation from thermoelectric elements. 

Previous studies of protective coatings on molybdenum have shown 
that a flame spray-furnace fused coating of Colmonoy Ho. 5 (79 Hi, 12 Cr, 
k Siji2 B ) and an aluminum - chromium - silicon (20 Al, k6 Cr, 32 Si) 
CM.ting of approximately 0,010 inch thick give excellent protection of 
molybdenum in an oxygen atmosphere and flowing air at 1832 degrees 
Fahrenheit (iCXSO degrees centigrade) for extended periods. However, as 
these coatings are metal alloys and cannot serve as electrical insulation 
coatings it is necessary to apply a two-layer coating for oxidation 
protection and electrical insulation. Therefore, a major psurt of the 
development in this period has been devoted to the application of oxide-
based electrically insulative coatings on the oxidation resistant coatings. 

The following requirements must he met by the oxide ccating to be 
considered for this application: 

1, Melting temperature greater than 1832 degrees Fahrenheit 
(1000 degrees centigrade)| 

2, Adequate bonding to base coatingi 

3, Retain bond over brc^d temperature rangej 

k. Hon-reactive with base coating or with thermoelectric materialsj 

5. Cajable of being applied as thin coating and machined to a 
close toleranceJ 

6. Maintain electrical insulating properties to I832 degrees 
Fahrenheit (lOOO degrees centigrade). 
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The oxide insulating coatings which were studied during this period 
were of three types: 

1. Self coating technique; i.e., the oxidation protective coating 
was allowed to oxidize on the surface at elevated teî ieratures 
to form a protective oxide filmi 

2. Wet spraying and fusing of ceramic enamels; 

5. Flame spraying of oxides. 

!feble 10 lists the coatings which have been studied. 

TABLE ID 

Oxide Based Insulating Coatings 

Base Cc^t 

Self Coating 
Oxidized Sur­
face 

Colmonoy Ho.4 

Colmonoy Ho.5 

Colmonoy No.6. 

Coast Metals 
Ho. 50 

Coast Metals 
Ho. 52 

Al + Cr-Si 

Chromized 

Ceramic Enamel 
Type 

Coliaonoy Ho.5 

Colmonoy Ho.6 

Al + Cr-Si 

Coast Metals 
Ho. 50 

Colmonoy Ho.5 

Colmonoy Ho.5 

Oxide Coat Adherence 

Electrical Resistance 
Rocan Temperature 

to 900 degrees Centigrade 

Oxide of 
Hi-Cr-Fe-Si, B 

Oxide of 
Hi-Si-B-Fe 

AlgOj-Cr^O^-SiOg 

Cr^O^ 

A-4l8 enamel 
•5«-

•»* 
A-4l8 enamel 

A-4lo enamel 

A-4lo enamel 

A-4l8 + Cr^O, 2 5 
A-4l8 + AlgO 

Fair 

Fair 

Fair 

(Jood 

Ck)od 

Fair 

Fair 

Good 

Good 

Good 

Good 

Good 

Fair 

High 

High 

High 

Low 

Low 

Low 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 
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TABLE 10(Cont'd) 

Base Coat 

Flame Spray 
Oxides 

Colmonoy No.5 

Colmonoy No.5 

Colmonoy No.5 

Oxide Coat Adherence 

Metco Al 0 Poor 

AlgO + A1(N0,), Poor 

Rokide AlgO Good 

Electrical Resistance 
Room Temperature 

to 90Q degrees Centigrade 

High High 

* Discontinuous coating which gave electrical insulation in localized areas. 

** Enamel contains Cr^O , Al 0 , SiO , ZnO , B^O , etc. Enamel is soft at 

elevated temperatures. 

The most promising coating of those listed in Table is aluminum 
oxide coating applied by the Rokide flame spray. This aluminum oxide 
is produced by heating the tip of a solid alumina rod to its fusion 
temperature in an oxy-acetylene flame and projecting the molten particles 
at a high velocity against a surface to which they will adhere and 
solidify. 

The enamel type coatings containing excess alumina axid chromia 
also appear to have favorable properties for this application. The 
A-4l8 enamel which has a high expansion coefficient to match stainless 
steel also bonds well to the Colmonoy coatings. 

It is planned to continue the study of the Rokide alumina cc®,tings 
and other oxide coatings that may be applied by the Rokide process, such 
as zirconium silicate and zirconium oxide and the A-4l8 enamel with 
AlpO and CrpO . Thermal conductivity and electrical resistivity of 

the coating will be determined, as well as other physical properties 
which may be required. 

C, THERMOELECTRIC GENERATOR DESIGN 

1. Thermal Design of Generator 

In the initial design of the generator the thermoelectric material 
was to be indium arsenide and copper, operating at a hot junction of 
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700 degrees centigrade and a cold junction of toO degrees centigrade. This 
yielded a theoretical over-all efficiency of approximately 1.1 per cent. 
An analysis of a generator employing the more efficient zinc suitimonide-
indium antimonide is presented in this section. 

The following assumptions are employed in the generator design: 

1. The hot junction temperature 

T, = k^O degrees centigrade (723 degrees Kelvin); 

2. The area available for radiation of heat at the cold junction 
is 50 square inches. (The remaining 50 square inches are for 
the excess heat dump.); 

3. The effective parameters for the ZnSb leg are: 

a = + 158 V per degree centigrade 

p = 2.1 X 10 -̂  ohm-centimeter 

„2 
k = 2.5 X 10 watts per centimeter degree centigrade 

These values were measured on a "good" pellet with a gradient 
of 400 to 32 degrees centigrade. The values are only weak 
functions of temperature and are assumed constant with 
tempera tu3re; 

k. The parameters of InSb are given by Figs. 34 and 3 5. Table 11 
summarizes data from these curves. 

Temperature 
(degrees 

centigrade) 

150 

200 

300 

400 

500 

TABLE 11 

Psui-ameters of InSb 

H a Y 
Per Degree 
Centigrade 

- 220 

- 205 

- 170 

- 14-7 

- 126 

ff s — ohm" 
® -1 

Centimeter 

0.68 X 10^ 

1.00 

1.54 

2.0 

2.36 

k Watts 
Per Centimeter 

Degrees Centigrade 

0.125 

0.113 

0.096 

0.086 

0.080 
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The emissivity of the radiating surface is 0.8. The procedure 
will be to calculate the effective figure of merit of a couple. 
This is given by 

\ (̂1 - ^2^ 

(fA-l^) 
where ( l ) = ZnSb and (2) = InSb. ¥e have the ( l ) im:-@jiggters 
a l ready, but the (2) parameters must be calculated fro® the 
data of Table 17 . ¥e have 

°^2 - M! I cXg (T) dT 

^ =/fl? / kg (T) dT. 

The interval M' is the interval between the cold junction 
temperature and T, = 450 degrees centigrade. AT is taten 

in steps of 100, 200, and 500 degrees centigrade, that is, 
T = 350, 250, and 150 degrees centig2?ade. 

Graphical integratloaa of plots of these functions results in the 
data in T&ble 12 . 

The variations of parasieters with temperature tend to compensate 
e figui 

temj^rature, 
in the figure of merit so that the M ^ „ is not a strong function of 
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TABK 12 

T 

100 

20) 

200 

Effective 5^ p^ E as a Functicm of AT Below 450 Degrees Centigrade 
£ Watts Ter 
Centimeter ^ 
Degree eff 

Centigrade (per cent) 

a II T 
Ber Degree 
Centigrade 

I4T 

159 

173 

p olm 
Centimeters 

(times 1 0 ^ ) 

4.98 

5.65 

6,63 

0.0865 

0.0912 

0.0985 

8.78 

8.7 

8.59 

fclculating the thermocouple eff iciency tram, the esipression 

1 
T5 ^ 1 + m M 

1 / " " ^ + 2 4 1 

m \ 

Finally, the aver-aU 
e = € € is tabtilated̂  

AT ° ĥ 

100 0.138 

200 0,277 

300 0,4l5 

efficiency 
where e c 

TABLE 

€ in Table 13 
= AT 

Ji 
Orer-All Efficiency e 

(per cent) 

7.50 

7.52 

7.33 

calculated from 

(per cent) 

1.05 

2,08 

3.04 

To calcula te t t e generator fuel reqidxeiient for di f ferent load 
powers a s a function of AT ̂  i n order t o se l ec t the ^mxhrnm. AI , and hence ̂  
t t e bes t possible efficiency^ i s now desired. 

A eslculaticMi for 1.5 watts in the l ^ d i s given in !fe,ble l 4 , 
Tte inver ter i s assuned 75 per cent e f f i c i en t requiriaag two watts a t 
ttm generatOT" terminals . 
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TABLE l4 

Calculation for Two Watts of Generator Power 

m. 11 ii Watts Per ^ . ^ . Two Watts „ T -u Input e ._, Input = Square Inch = •^7*5— . , / . \ AT € ^ 50 Sq̂ uare inches (per cent) 

100 194 watts 5.88 1,05 

200 96.3 1.93 2,08 

300 65.8 1.32 5.04 

We have plotted in Fig, 36 the values of € , s, and watts per square inch 

as a function of AT (and, hence, T ). The lower T , the more efficient 

the generator, but also, the smaller the radiated watts per squajre inch. 
The two-watt generator curve is shown to be below the radiation curve up 
to AT = 24o degrees centigrade or T = 210 degrees centigrade. To allow 

some margin, we would consider T = 250 degrees centigrade. 

A calculation for 2.5 watts out of the generator yields a curve 
which never goes below the radiation curvej hence, this power cannot be 
generated with the 50-sqimre-inch area restriction. 

A calculation for 2.25 watts yields one point at T = 250 which just 
touches the radiation curve. 

We conclude that the upper limit of power which can be generated 
within the assumptions of the exercise is 

P, P^ input 
L Q ^ per cent 

2.25 watts I08 watts "~2To8 

Since we have not taken account of other thermal losses, the actual limit 
is probably closer to 

PT Pn input L Q "̂  per cent 
2 watts 96.5 watte 2.OB 
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D. JUNCTIOl CONTACT PROGRESS 

Heat from the radioisotope source will be conducted to the thermo­
electric hot junctions with a low temperature drop by means of a con­
trolled close spacing (less than 0.001 inch). This gap will be filled 
with helium gas to aid in the heat transfer. 

At the cold Junction,heat must be transferred from the thermo­
electric laaterial to the radiator. Tests which have been run indicate 
that anodized aluminum or Martin Hardccat surfaces held firmly together 
by a shrink fit provide a low resistance path for heat transfer between 
surfaces without electrical continuity between them. 

The test pieces were made to simulate the heat transmitting junction 
between the cold end of a thermocouple element and the radiating outer 
shell of a generator. The test apparatus was set up so that the heat 
flow across the Interface and 0.040 inch of aluminum could be measured. 
The measurements therefore indicate a temperature much greater than that 
across the very thin aluminum oxide interface. However, they do give 
a measure of the magnitude of the temperature difference which could 
be expected with this specific geometry. The following curve shows 
the measured temj^rature difference for various heat flow rates. 

Degrees 
Fahrenheit 

Heat Rate - Watts 

At the design condition the heat flow rate for each couple of the generator 
is about six watts, hence Zfl! is about five degrees Fahrenheit. The tests 
which have been run also confirm the reliability of the anodized surfaces 
as an electrical insulator for this application. After a number of heating 
cycles, the electrical resistance between the pieces showed no adverse 
change. 
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E. THERMAL INSULATION 

The design of this generator requires an embedment material which can 
be used to fill the Interstices of the thermoelectric (T/E) elements, 
withstand the high temperatures, and have a low thenoal conductivity to 
minimize heat leak around the T/^ elements. 

A sample quantity of fibrous potassium titanate has been obtained 
from DuPont. A thermal conductivity versus temperature curve is shown 
in Fig. 57. 

An upper bound for the heat leak with this material can be estimated 
as follows: 

_ „ 2 It k h AT 
Tieat leak " ~ v 

In -^ 
^1 

Where we assume the configuration of two concentric cylinders with the 

1 Inch 

3 Inches 

thermal insulation between the cylinders. The inner temperature is 700 
degrees centigrade and the outer is 400 degrees centigrade set by the 
fuel and T/^ system. We take 

-4 
k = 3 X 10 watts per centimeter degree 

V = outer radius 1.5 inches o 

V. = inner radius 0.5 inch 

In V Jv^ = In 3 = 1.1 

h = 10 inchesI the height of the generator 

0 _ 2 3£ 3.14 X 3 X 10 X 10 X 2.54 X 300 
%eat leak " 1.1 

= 15 watts. 
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But only half of the radiating area is used for the T/^ syBtem, hence the 
heat leak is 6.5 watts. The total T/E source power is 3OO watts, or the 
heat leak is two per cent of the total power. If this can actually be 
attained in the practical generator, it will be quite satisfactory. 

Fabrication escperiments and test work on this material have been 
initiated. 

MlD~P-3003 
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APPENDIX A 

INFORMATION PERTAINING TO THE USE OF CmUIM-242 
FOR PRODUCING HEAT 

Mm)"P»3005 
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Curium-242 is aji artificially produced transplutonium element. 
It is made by neutral irradiatron of Americium-24l, which results from 
the beta decay of Plutonium-24l. The reactions involved are: 

„ 24l ^ . 241/ X . 242 
P" fi ^, Am (n,7) Am l4yr. i# 

Cte 
242 

hr. 
a Pu' 

163 days 

238 

Plutonlum-24l is foraied and recovered along with Plutonium-259 when 
Uranii3m~238 is irradiated. The fOMsation of transplutonium elements 
is illustrated in Fig. A~l» 

242 
Since the amount of C M which can be produced depends primarily 

upon the supply of Am , it was necessary to determine the sources 
of anericium. Seme americlum and curium are present in the wastes when 
Plutonium ie first recovered. The most abundant source would be frcm 
reprocessing plutonlim which has been allowed to decay for several 
years» Future sources of these transplutonium elements will be ftom 
power breeder reactare and plutoniim fueled power reactors. It is 
assumed that bum-ups in these reactors will be much greater than are 
alloiiable in the producticm reactors at ̂ nford and Savannah River. 

242 24l Nuclear da.ta pertaining to production of Cm frcat Am ; 

During the irradiation of Am 
242 Cm as it is formed 

24l 
, several processes compete for the 

A breakdown of these processes is as follows: 

Am^^l 
(n,7) 

&5 

50 

la decay 

242M P ^®*y ^"^^^ 242 

*^Am'^*'^ I = TT: ^^Cm^^'^ 

a decay 

T1 470y 

(n,fisa) 

5.26 

% 
lOOy 

Ti = l6h 

I.T.(6^) ^ 2 4 2 

T 4 lOOy 

E»C.(18^) j^242 

Ti = l6S.5d 

Spontsmeous 
Fission 

- ^ P 258 

(n^fissj 

2000 

Ti_ = 7.2 X 10 

(n,fisa.) 

2950 

w 
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Fig, A-1. Formation of Transplutonium Elements 
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The cross-sections and half-lives shown under the lines indicating 
the reactions taking place were obtained frcm BNL-525 smd the new nuclear 
data section of Nuclear Science Abstracts, 

24l 
More than half of the Am is consumed during irradiation to obtain 

242 
a good yield of Cm . Consequently, calculations pertaining to the 

242 
formation of Cm must include this bum-up of the target material. If 
A is allowed to represent the amount of Am present at any time during 
irradiation, the rate of change in the amount is expressed by? 

i = - V " \ M (1) 

where A. = decay constant of Am (see" ) this is 
negligible when coi^ared with a # 

24l 
a = total absorption cross section of Am = 

678 barns 
-2 -1 

* = thermal neutrrai flux neutron cm sec 

24l 
A = amount of Am at start 
o 

This equation readily yields the follfifwing solutions 

A . A^ e - ̂ V (2) 

t = time of irradiation-second 

242 m 242 
If B represents the amount of Am which decays into Cm , the 

amount present at any time during IrTadiatioa is found by solving the 
equation 

f ^a^tA-A^B-cr^ffi- .24a^#A (5) 

o h o jji 

ff. = 625 bams (cross section for producing Am ) 

>^ = 1.2054 X 10^ sec""̂  (decay constant far Am ") 

Og = 2000 barns (absorption cross section for Am ) 

Mro-.P-3003 



Tte f i r s t term cm the r i ^ t i s the amoimt produced, the secOTid i s the 
242 

^aomt lost by decay to Cm p the third is the amount lost by neutron 
242 

eapttare; and t t e l a s t term r©pr«s@ntg tbe SMOtmt of Am 
through iscMerie transfocrBatioa and ©leetron capture. 

which i s l o s t 

Eqmtiotn (5) I s r ead i ly aolvBd t© gives 

,76 a^#A^ 
B . . — . ^ - — ^ ( e » A*,t ^ A-̂ '̂ t 

B " e 
B*-) 

^%-\^ V 
(h) 

242 
If C is allowed t© represent the amount of Cm present at any tl^e 

during ixradiaticm; thB z%t@ @f ehan^ in th@ a^unt present is given bys 

dC 
^ = V " V^ - ÂC 

242, 
ff s 2950 bams (abaorption cross sactloa of C^ ), 

Ag « 4.^2 X 10 sec (deeay constaat for <^ ^ } , 

(5) 

C m 

The soluticm of Equaticm 5 i® found t© Ijes 

.76 )j aĵ *l̂  " A*,t » A* t 
e ^ - e ^ 

- A* t - A* t 
^ - e ^ 

A*^ » A^ -f ff # 
c c c 

(6) 

!Oie daeaj-
„ . 242m . _ 242 

of AM and Cm are: 
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6.110 

6+ 

k\, 

2^v 
0^-

0.1551 

0,0998 

-0.043~ 

90y Pu 
2,5x10^ Ô ' 

Decay Scheme Gm 
(Rcf, 1) 

242 Becay Scheie Pu' 
(Ref. 1) 

2 ^ 

o«66o 

IJ. 
0.044 

Am I6h 

I , T , . ^ ^ KO.O35 

lOOy 

h=±^ 
5 X loV ^ 

242 

l&,5d ^ 
242 

P4P 
Decay Scheme of Am (itef, 2) 
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Alpha Emission 

Specific power 120 watis per gram 

Specific activity 3.55 ^ 10 curies per gram 

27.75 curies per watt 

Gemim. emission associated with alpha emission is negligible. 

Neutron Emission 

Half life for spontaneous fission 7,2 x 10 years (Ref. 5) 

Average number of neutrons from 

spontaneous fission 2,65 ̂  O.O9 (Bef. 4) 

Neutrons per second per gram ^ 
fi-cM fission 1.97 X 10' 

Meutrons from. fe,n) reaction 
(about equal to neutrons from „ 
spontaneous fission) 1.97 x 10 (Ref. 5) 

Total neutronB per graa 5.^ x lo"̂  

Average kinetic energy of 
fission flra^ents per fissica 184.9 Mev, (Ref, 6) 

Specific power trcm. spcmtaneous j^ 
fission - based upon the 2,25 x 10 watts per gram 
kinetic energy of tte fission 
fragments aoly. The energy 
frcm. praapt fission 
beta particles and 
trass, fission products amounts 
to less than 10 per cent of 
energy available in U-255 
fission. These quantities 
were not included since the 
power from spontaneous fission 
is negligible in comparison 
witl' power from alpha emission. 
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Shielding Requirements; 

The radiations resulting frcm alpha decay do not constitute a 
shielding problem. The self-absorption of the heat source is sufficient 
to reduce the radiations way below accepted radiation levels. 

The radiations resulting from spontaneous fissioning, however, 
present a minor potentisd. hazard. For a power level of 100 watts, 
prelimiimry calculations indicate that two to four inches of water 
win be required to reduce the fast neutron dose rate to a level which 
would allow a person to work continuously in the vicinity of the heat 
source, lo shielding would be required to protect equipaent located 
near the source. 

The dose rate fre« gamsa radiation, at three feet trcm the 
source, due to spcmtaneous fissioning has been calculated to be 
0.0133 Milliroentgen par hour per watt. 

Fission products resislting trcm. spraitaneous fission are roughly 
the same as for thermal neutron induced fissimi in U--235, (Refs, 7^ 8)« 
Due to the low watta^ resulting from spontaneouB fissioning^ many 
thousand hours of ĉ peration would be required to biiild up fission 
products to the point where it would be necessary to account for them 
in shielding caleulatlcaas« 

For similar reasons, capture ^mma rays and activation ̂ mma rays 
^ j be neglected during the early stages of assembly and operation of 
the heat source, 

Hhe effect of spontaneous fissioning on initiation of a rapid 
chain reaetioa has not been examined. It is not ejected to present 
a problem, but this aspect should be investigated thoroughly. 

Chemistry of Amerieium and Curiims 

Aserisitm and curiim are Benftsers of the actinide series (5f, inner 
transition) of elements, Americiua and curium occupy positions in the 
actinide series analogous to europium and gadolinium, respectively, in 
the iMithanide (4f) series. Strict application of the analog between 
the 4f and 5f elements is primarily useful in ccMparison of properties 
of the (ill) oxidation states, and is an uncertain guide for prediction 
of valance a.t&te stability. The (ll) and (ill) states of europium are 
weU known but thei^ is no reliable evidence for ionic cos^ounds con­
taining Am(ll)j and the existence of Am(lll), Am(lY) Am(Y), and Am(Yl) 
has been established. Gadolinium las the III oxidation state only, 
and although Cm III is the only valance state known in aqueous solution, 
there is positive evidence for Cm(r^ in the oxide. (Ref, 9). 

MlilD-P-3003 



Oxidation states Am II, Am I¥ and CsHJ exist as subnonml oxidation 
states. The subnoî nal states are chaxacterized by the presence of nan-
bonding 6d electrons and cannot exist in solutions. The correspending 
compounds are apt to show pronounced metallic character. (Bef.. lO). 

An excellent separatimi of curium from, americiu® may be achieved 
hj oxidation of the Am(lll) to Am(Yl) in acid solution by SgOg — and 
precipitation of the unoxidized Cm(lll) hj F", 

Chemical Coapounds (Ref. 10) 

Oxides 

The hydroxides of these elesaents tend to precipitate in a ^latinous 
form. The dried hydroxide or oxalate is frtquently used as the starting 
material for the preparatiaa of other cosipounds. Most coEpounds ©f 
these elements when heated to over 500 degrees centigrade in air, ctm-
talnlng moisture, will hydrollze or dsc^^ase to the ©xide, Hm fsamnlsM 
for the narmal oxides are Am. 0^ (black) and C^O^ (white), 

As^O, ̂ y be preiared by gentle decosspositicn ©f th© oxalate in a 

vacuus, AmericiuM sesqui-oxide (A^O ) is easily Tm-&xLdl^d t® AaOg 

when it comes in contact with air. Curiia sesqui-oxide waj be c«idis®d 
t© a coHqpound that is very close in c<»positiea t© CmOg by heating gently 
in ozone or o^y^n. 

FluoridesI 

Tim fluorides may be obtained by the aetlan of gaseous Isy^ogisn. 
fluocride on the oxalate, dried hydroxide, or ©xide at aprproxiiiatslj 
500 degrees centigrade. If a reducing agent such as hydro^n i® present, 
the product will frequently be a fluorid® of loser oxidation state if 
such existsj if oijcygen is present a higher fluorid® Miy b® ©btaii^d. 

The trifluorldes and tetrafluorldes of these elements are non-
hygroscopic, high melting solids. The pink fluorid® AmF, is fon^d 

by the action of hydrogen fluoride on the oxide at 500 dsgrees centi­
grade. The trifluoride is converted to MPv 'hj us® of a fluorinatiag 

agent such as fi^e fluorine or cobaltic trifluoride. 

The trifluorldes have low solubilities (Ref. U ) , 

MiD-P-3003 
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Chlorides; 

The oxides or oxalates of these elements react with carbon tetra­
chloride vapor at elevated temperatures to form the chlorides. Trichlo­
rides are formed from AmOg^ AnigÔ  and CaigO , The chlorides of americium 

are pinkj those of curium are white. The tri-cM.orides sublime at 
700 to 800 degrees centigrade, the tetrachlorides at 400 to 500 degrees 
centigrade and the higher chlorides may be volatile at 200 degrees 
centigrade, 

The trichlorides and tetrachlorides aay be partially hydrolized 
by the action of water vapor at low concentrations. GmOCl is formed 
tram, the trichloride. 

All the chlorides and oxychlorides are hy^oscopic to varying 
degrees. On e:^osure to moist air they form various chloride hydrates 
id3lch deconpose to the oxides when heated. 

Brc^ddes and Iodides 1 

The oxides react with aliminum brcmid^ and iodide to form these 
halides, Kie tribr«d.de and trloxide are formed ftom the oxide. The 
tribr«iides ̂ nd trliodides volatilize at 7OO to 80O degrees centigrade, 
tim tetra braaides distill at 400 to 500 degrees centigrade, 

Sialfidess 

When the oxides are heated to high temperatures in a stream of 
hydrogen sulfide containing carbon disulfide vapors, various sulfides 
® M erysulfides are found, Amerlcium oxide yields the sesquisulflde 
by this procedure at 1200 t© l400 degrees centigrade. 

Mlseellazaous GggpotindBS 

Iteference 2 does not give specific Am and Qm. easpounds of the 
following types but reports coraponds for other heavy elements. Am 
and Cm expounds could probably be produced by similar techniques. 

Carbides; 

The oxides of these elements react with carbon at temperatures 
above 2500 degrees centigrade to form cairbides. These preparations 
are made by heating the oxide in a graphite crucible in a hydrogen 
atmosphere. Carbides also result when metal preparations are carried 
out in graphite crucibles. 

MHD-P-3OO3 
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Nitrides; 

Neptxmium nitride was prepared by the reaction of neptunium hydride 
with anmonia gpas. 

Sllielde; 

The sllielde maj be formed by the reaction of calcium sillcide 
or silicon metal on. the oxide or fluorides of these elements. The 
ccsapounds Pu Si^ atnd Ip Si_ have been identified. 

Metals; 

The metals are prepared by the reaction of barium vapor with the 
tri- or tetrafluoride at 1200 to l400 degrees centig«id8 in a vacuum. 

Properties of Amerlcium Metal; 

The metal is malleable and silver gray in color. It is indextd 
as double hexagonal close packed, a = 3,642 + 0.0005 A, c = 11.76 + 
0.01 A, with an at«Md.c radius of 1.82 A, The experimentally determined 
density is II.7 + 0,3 grams per cubic centijaeter and the density 
calculated trcm x-rsj crystallography is 11,87 j- 0,05 grams per cubic 
centimeter. The melting point Is uncertain, tl» metal begins to soften at 
about 850 degrees centigrade with incomplete melting at 1200 degrees 
centigrade. The vapor pressure in this range of temperatures is glvaa 
by; 

log p « 7.563 - i 2 ^ 

If a Yalue of Cp of vaporation of -2 cal mol" deg" is assumed, the 
following equation is obtained, 

log p = 11.0^ - i=2x!22. - log T 

The ftee ener^ of faporizatlOTi is then given by; 

A F =. 62,690 - 5O.76T - 2,305 (-2) T log T 

Other Imported thermodynamic quantities are; 

A H ^ = 60.2 k cal-mol"-^ 

T^ = 2880®K 
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A HgggQ = 57 k cal mol' 

A S, '2880 = 20 eal mol" deg 
-1 

Properties of Curium Metal; 

The metal is silvery and resembles plutonium metal in its malleability. 

The density is reported as seven grams per cubic centimeter. 

Toxicology of Curium and Amerlcium: 

These elements are among the most toxic materials known (Hef. 12). 
They are deposited in the bone laaterial^ probably in the blood vessel 
channels, as contrasted with plutonium which is deposited on the surface 
of the bone (Ref, I5). Experimental work on rata Indicated "the tolerance 
values for Am should be essentially the same as those for plutonium". 
{Ref. l4). 

PERHSSIBUl GOlCEmRATIOlS 

AIR 

Am 
24l 

Cm 
242 

Am 
241 

¥A1ER 

Cm 
242 

Ref. 

Occupational or 
restricted area 

Civlliam or non-
res-fericted areas 

8 X 10 -U 

-12 

5 X 10 .10 

.-11 

4 X 10" 

5 X 10 ̂  1.8 X 10 ̂  1.3 X 10 

All values are mlcrocurles per milliliter 

Total Body Burden 
(Mlcrocurles ) Am 

24l 

Cm 
242 

0.056 

0.05 

Ref. 16 

2,7 X 10 "5 15 

-5 -4 ^ 1 X 10 15 
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