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FOREWGRD

The vwork reported herein was sponsored by the Air Force Rocket
Propulsion Laboratory, Research and Technology Division, Edwards Air Force
Base, under Contract AF O4(611)-11548, Project No. 3148, Program Element
No. 62k0518L. The program is monitored for the Air Force by L». Wm. J. Leahy,
RPCS.

This report covers work performed during the second quarter of the
program from 1 July 1966 through 30 Sepiember 1966. The investigations were
performed by Aerojet-General Corporation personnel of the Propellant
Research and Development Division, Sacramento, California, and the
Enginecering and Development Division, San Ramon, California. The principul
investigators are Mr. J. P. Coughlin (of Sacramentc), who is directly
responsible for the Calorimetry and Aaalysis portions of the prog.am and
overall program manager, and Mr. R. R. Tsukimura(cf San Ramon), who is
in charge of the sample irradiation phase of the program. Determination
of optiral-crystalographic properties will bve perfcr+ed by Mr. J. L. McGurk
of Sacramento and Dr. D. W. Bainbridge (also of 3acramento) will investigate
the changes in sample lattice parameters by <pecialized X-ray techniques.

This report contains no classified information.

Publication of this report does not constitute Air Force approval of
the report's findings or conclusions. It is published only for the exchange
and stimulation of ideas.

Dr. Wm. J. Leahy/RPCS
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ABSTRACT

During the last month of this quarter considerable difficulties were
encountered with regard to final safnty testing of the irradiation capsules,
As a result of capsule failure in & modified thermal decomposition test, the
AGN Reactor Safeguards Committee revoked its prsviously granted approval for
radiatior experiments in this program - which had been contingent upon success-
ful completion of the thermal decomposition test.

Work on the program was temporarily suspendsd while the causes of this
capsule failure and possible solutions to the problem were investigated, A
program review was then held at AFRPL with ths Air Force Project Officer,

Dr, Wm, J, Leahy; R, R. Tsukimure of Aerojet-General Nucleonics, San Ramon;
and Aerojet Project Engineer, J, P, Coughlin, A review of the difficulties
was conducted and poasible solutions were presented., After discussing the
alternate solutions it was agreed that continuation of the program cn the
current basis with some limitation in scops, in order to remain within the
original budget, would be desirable, The following points ware agreed upcns

1. Since the original choices ¢f maximum irradiation dosage and
number of samples were somewhat arbitrary, the major objectives of the program
can still be accomplished with a smaller total radiation dosage and fewsr
samples, In addition, the results of calorimetric msasuremsnts to date indi-
cate that the desired precision of measurements can be achievad with smaller
individual sample weights than those originally planned. Therefore the mmber
of samples will be reduced from four to three, and the maximum radiation expo-
sures will be reduced from 15 to 10 weeks., The N, C10, sample sizes tc be
used will be decided as the result of additional safety testing and subsequent
AEC approval,

2. Safety testing of the irradiation capsules will contirue with
ignition and thermal decompecsition tests with various sample sizes of pure
NH,C10, and mixtures of Nj,C10, with JPN double base propellant, The purpose
of these tests ie to establish the exsct temperature, pressure and sample size
limitations of the irradiation capsules, and to draw up revised irradiation plans,

3. The results of these tests will then be pre¢sented to the Reactor
Safeguards Committee and, if necessary, to the Atomic Energy Commission for
approval of the revised irradiation plans,

i Since there will probably be a considerable delay invclved in
awaiting A¥C approval of the revissd irradiation plans, a formal request for
a three-month duration, no-cost, program extension will be submitted.,

S. Efforts will be made to improve the heat transfer between the radi-
ation capsules and the reactor pool, in order to reduce the sample centerline
tempsrature (from the heat transfer analysis eatimate of 108°C) and thus prevent
possible annealing of radiation induced crystal defects,
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In the calorimetry portion of the program, the first heat of solution
measuremsnts with unirradiated ammonium perchlorate samples resulted in poorer
precision than originally expected., This defect was fourd to be due to an
insffective calorimeter stirrer - and was corrected by increasing the surface
area of the stirrer blades. This revision resulted in better precision than
originally expected and will now psrmit the use of significantly smaller indi-
vidual samples while still retaining the original objactive of + 0.25 cal/g
uncerteinty interval,
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ABBREVIATIONS AND SYMBOLS

Atomic "nergy Commission

Aerojet-General Corporation

Aerojet-General Nucleonics, Engineering and Developwent
Division of AGC, San Ramon, California

Aerojet-General Nucleonics Industrial Reactor

Ammonium Perchlorate, NHhCloh

Positions in the AGNIR reactor pool in cloge proximity to
the actlve core

Roentgen units of radiaticn

Rocket Engine Operations - Nuclear; Division of AGC

An aluminum alloy composition particulariy well suited for
this work, containing minimum emounts of alloying agents or

impurities which are rapable of forming Jong life radiocactive
isotopes in a high neutron source.
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I
INTRODUCTION

The objsctive of Lhis prozram is to detsrmine the feasibility of in-
cregsing the ensrgy ccatent of solid materials by permenmat non-squilidrium
dislccations of lattice members.

The energy source chosen for this study is neutron irradiation and
the matsrial to be irrsdiated is ammonium psrchlorate, Soluticn calorimetry
will be ntilized to deterxine the amount of energy storage.

The program is divided into two separate poriions; with Fhase I
covering sample irradiation and Fhase II covering calerimetry and aralysis
operations with the irradiated samples,
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PHASE I - SAMPLE IRRADIATION

1 INTRODUCTION

The Phase I operation «. neing conducted at the San Ramon Plant (Aerojet-
Osneral Bucleonics), The principal taske invoved are design and fazbrication of
pressure vessels, preparation and approval of the Hazards Analysis Report, and
sanple radiation and dosimstry. ’

2, PRESSURE VESSEL DESIGN AND FABRICATION

During irradiation the individual NH,C10, samples will be sealed in gas-
tight aluminum pressure vessels which will pomit passage of neutron radiation
while retaining all gaseous decomposition products., The particular &lloy to be
used and the exact capsuls design were chosen so &s to minimize the hazard duse
to residual radiation of the container after axposure whils at the same time
imparting sufficient physical strength to retain all dscomposition products in
the event of complste sample decomposition,

The design utiliizes 3/8" I,D, by 5/8" 0.D, tubing of 6C51-Té aluminum
allow, as shown in Figure 1, Included in the design are a 1/4" 0.D, filling
tube and a combination end cap and puncture seal device,

The hydrostatic testing of the pressure vessel welds and the 1/4 in,
diamster tubing has been completed, The pressure vessel welds fractured at
21,500 psi which is less than the 25,500 psi burst pressurs of the main pressure
vessel body (5/8 in, diameter tubing), The 1/L in, tube burst at 24,500 psi.
The 21,500 psi value was used to calculate the working pressure of the pressure
vassel,

Fabrication of the first pressure vessel was completed and various tesis
for pressure vessel integrity, including x-ray analysis of the welds were per-
formed., The puncture seal valve is on order and the equipmeic for monitoring
of the pressure vessel temparature durirg irradiation has been receivad,

The slongation of the secondary containsr to accommcdate the radiolytic
gas prassure caused by rupture of both primary pressure vessels has been com-
glet.ed. The modified secondary container also passed the hydrostatic test at

20 psi.

Four capsules were fabricated, two of which were vsed in safety tests and
two of which were sent to Sacramento and loaded with NH,C10, samples for irra-
diation,




PRESSURE VESSEL FOR NH“CEO4 IRRADIATION

2 -— 1/4" 0.D. x 0.049" well tubing

fo————5;8" 0.D. x .125" wall tubing

{ i]fs"\/ «———Puncture Seal

| FIGURE 1
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3 ESTIMATED SAMPIE CENTERLIKE TEMPERATURE

A more detailed heat transfer analysis was conducted, taking into account
the direct gamme heating of the ammonium perchlorate - and the associated temper-

aturs grecisnt within the s:mple - which were nsglected in the originai calcu-
htionc

The results of this calcilation are summarized in Figure 2 which shows an
estimated containsr wall tempsrature of 78,9°C and a sample centerline temperature
of 107.8°C, based on an assumed reactor pocl tamparature of 110°F,

Actusl temperature measurcments during irradiation are expected to show
that the above tempsrature estimatss are conservative since the pool watar temper-
ature in normal operation is approximately 90°F,

k- FRESSURE VESSEL SAFETY TESTING

In reviewing the safety testing plans for the aluminum pressure vessel to
be used in this work, it was the judgement. of the Atomic Energy Commission Inspector
that the planned thermal decomposition test at 200°C would not give adequate
assurance thet "no damage to reactor components could occur®", His interpretation
of the pertinsnt license agreement clause was that an actual ignition of the M, Cl0,
in a sealed irradiation capsule was needed., The key sentence of the Technical
Specification Section of the ACE License Agreement (Revision 1, March 17, 1966)
reads as follows: "Reactive materials shall not be irradiated without out-of-core
ignition tests which shall verify that the encapsulation will insure that no
damage to reactor components could occur", Therefore the planned test was modi-
fied to continue heating the sealed sample ccntainsr (beyond 200°C) until the
autoignition temperature of NH,C10, was reached.

The first three tests with actual or simulated pressure vessels resulted
in explosive decomposition of the ammonium perchlorate and resultant capsule fail-
ure, in the first two tests, actual pressure vessels were used and the sample
was heated internally with a temperaiure menitor mounted on the outer surface of
the veasel (no internal temperaturs measuremcnt), Based on a previous thermec-
couple calibration with an inert flller in place of the NH,C10, sample it appeared
that the capsules had failed at an internal temperature of less than 200°C, The
third test was performed with a simulated capsule made from the same aluminum
tubing used in capsule fabrication, closed with steel Swagelok end caps and heated
exterrally. In this test in which boih the internal and external temperatures
were monitored, the container failed, with an audible ignition, at an internal
terperature of 311°C (external temperature = 317°C)., The results of test number
2 are shown in Figure 3, a photograph of the ruptured capsule,

Failure of the capsules :ider the conditions of these tests was not sur-
prising since the capsules we:e designed to withstand an internal pressure (due
to slow radiolytic or thermal decomposition at 20C°C) of about )'"C psia and
hydrestatically tested to 8100 psia, The estimated pressure aus to rapid igni-
tion of a sample pre-heated to 311°C on the other hand is over 13,000 psia.
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TEMPERATURE PROFILE OF {RRADIATION CAPSULE

Secondary Container ?/
>
Helium Fill Gas —amy %
<
7
Primary Pressure
Vessgl
Ammonium
Perchlorate#
A7 °c 2.2 33 5.7 7.8 9.9 0.5 3}.8 0.1 0
°F L 6 10.2 14.0 17.8 0.9 62.7 0.2 0

Total T °C 107.8 105.6 102.3 96.6 88.8 78.9 78.4 43.6 h3.5°C
°F  225.8 221.8 215.8 205.6 191.6 173.8 172.9 110.2 110°F

%0.01 BIU/ft° - sec - °F

was used for the thermal conducti~ity value (K) for poured
ammonium perchlorate

FIGURE 2
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‘ , IRRADIATION CAPSULE AFTER SECOND IGNITION TEST
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In addition the tensile strsngth of the alloy used in fabrication is drastically
reduced at a wall temperature of 300°C, compared with corresponding velues a%
1007 or 200°C,

When the results of the first three experiments were made known to the
Reactor Safeguards Committee, they revoked their previously granted provisional
approval,

Bafore suspending work on the progcam, twe additional tests were performed
in a simulated pressure vessel with ammonium perchlorate sample weights of twe
and five grame, respsctively. The capsules remained irtact and undamaged in these
tests which were carried to maximum tempsratures of 395° and 359°, respectively.

Further details and discussion of the tests ars given in the Appendix,

All work on the program was then suspsnded pending discussions with the
Air Force Progrem Manager regarding several possible alternatives for continu-
ation and completisn of the program, The results of this discussion are covered
in Section IV, .

P DOSIMETRY

Sulfur foils were irradisted in AGNIR at a power leval of 2KW to determins
the fast neutron flux of the sc.ected irradiation position (F.ring)., The sulfur
foils determins ths neutron flux above 3 mev, the threshold energy of the Sulfur-
32 (neutron, proton) Phosphorous-32 reaction. The neutron flux for neutrons wich
energies greater than 1 mev can be estimated using the Watt! or Nersson-Rosan®
fission spectra, The resulis from the experiment and ‘.2 estimated > I mev noutron
flux for four positions near the centerline of the core are listed in Table I,

Table I

FAST NEUTRON FLUX OF AGNIR

Position >3 ey >0 Ty
(Iéhas above oF Balow (Neutron/cm®-sac) (Neutron/cr?-sec)
core centerline) 2 B 250 KW* 2 ’* 250 Kw*
= L.7%10°  5.9x10°°  1.43x100  1.6x10°
el 6.6x100  8.2x10"  2,00x20°  2.5x10'"
R 6.9x100  8.7x10"  2,11x100  2.6x10"
o5 : 5.1x100  6.hx1011  1,55x10°  1.9x10"

*Calculated values

1
B, E, Watt, Phys, Rev,, 87, 1037 (1962)
- 3L, Cranberg, C, Frye, N, Nereson, L. Rosen, Phys, Rev,, 103, 662 (1956).
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III
FHASE II - CALCRIMETRY AND ANALYSIS

1 INTRIDUCTION

Phase II of this prcgram (being conducted at the Sacramento Plant) is
devoted to determination of the chunges in energy content, chemical analysis
and physical propertiss brought about by irradiatien of the sample., The
principal tasks involved are: calorimetric detcrmination of the energy content;
chemical analysis of the irradiated sample, gaseous decomposition products and
capsule corrosion products; I-ray studies and microscopic studies,

2. CALORIMETRY

The short in the resistance thermomster circuit was repaired by removirg
the outer protective copper sheath, rinsing the coils and inner connections with
acetons, drying, reassembling and re-coating with Tygon paint,

The results of the first four heat of solution measuremsria with the un-
irradiated NH,C10, sampls a:e shown in the upper portion of Table II. Although
the average value of +68,21 cal/g or +801L cal/mole is in substantial agreement
with the latest NBS! value of +8000 cal/mol:, the precision of the measurements
was not a3 good as had been expected, Investigation disclosed that the poor
precision was due to an ineffective calorimstsi svirrer which resulted in long
and variable equilibrium times and correspordingly largs corrections for heat
interchange with the thermostat hath, This defect was subsequently remedied by
increasing the surfacs area of the propeller biades, as indicated by the results
shown. in the lower half of Table II.

Several more sample bulbs had besn prepared i'or additional measurements
this month; however, all work on the program was suspended following the
September 21 Mesting of the Safety Committee.

On the basis of the first three measurements with the improved calori-
meter stirrer it now appsars that the desired precision uncertainty of + 0,25
cal/g cen be achieved with a sample size as low as 0,5 gram - il it beccmes
necessary to reduce the sample size to that extent,

1Na‘td.omv.l Bureau of Standards Technical Note No, 270-1, Selected Values of
Chemical Thermodynamic Properties, Part 1, Tables fcr the first 23 Elements
in the Standard Order (Partial Revision of NBS Circular 500) Oct 1, 1965

8-
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Table II

RESULTS OF HEAT OF SOLUTION MEASUREMENTS TO DATE
(Last Three Runs are with Improved Stirrer)

Sample Wt, Temp. Hsst of Solution Equilibrium Time Stirrer Spased

grans °C cal/g mimtes RPY
15731 29,70 +67,13 30 672
1,0103 30.27 +67,58 L2 672
0.9976 30, X7 +69,89 29 672
1,0088 30,16 +68.23 2 672
Avarage of 1st 4 +68,21 29

1.5047 30,03 +68,17 p) 672
1.5078 29,80 457,97 i 8Ls
1,5020 29.95 467,97 12 8LS
Average of last 3 +68,04 17

3. ANALYSIS

Optical microscopic studies of the crystals to be irradiated indicated
that the sample to be used conforms to previously published litsrature data in
all respects - thus establishing the basis for detection of minor changes inducsd
by the radiation,

Individual large crystals wers selected and aligned on ths optical gonio-
meter for the pre-irradiation X-ray studies, Detailed X-ray studies of these single
crystals were then run for comparison with post-irradiation X-rays of the same
samples,




T

R

Ty

-

Oy A IO TRV W A1 s g

L

BRLirrgatoen £+ T ST -

REVISED FROGRAM PLAN

The program cannot be conmtinued in its present fora without a considsrable
amount of additional testing (and associatsd expense) designed to satisfy the
committee thet no veal hascwrd exists, Even after such additional tests are per-
forwnd successfully, it now appsars that approval to proceed cannot be given at
the locsl level, but that specific AKC approval in the form of an Amended License
Agreoment must be obtained., Therefore, s meeting with the Air Force Prograr
Mansger vwas arrunged to discuss various possibilities for continuing the program
to a successful conclusion.

Several alternatives were discussed, all of which involved soms rrogram
delay as woll as probable increases in cost and possible reduction in the size
of sample to be irradiasted, Results of calorimetric measurements to date indi-
cate that some reduction in sample sise could be tolerated - while retasining all

of the original program objectives,

It was agreod that the program be continued with somes limitatiorn in scops,
in order to satisfy the major program objectives while remaining within the orig-

ingl program budget.

The major emphasis will be placed on the radiation and calorimetry. The
number of samples will be recuced from four to three and the maximum radiation
exposure will be reduced from 15 to 10 weeks, The NH,C10, sample sizes to be
used w111 be decided as the result of additional safely testing and subsequent
AEC approval,

Since thars will probably be a considerable delay involved in awaiting AEC
approvel of ths revised irradiation plans (after additionsl safety tests for the
capsules), a three month duration, no cost, program extension (or a program stop
order) is being requested,

1. PHASE I - SAMPLE IRRADIATION

Safaty testing of the irradiation capsules will continue with ignition and
thermal decomposition tests with various . mple sizes of pure NH, C10, and mixtures
of NH,C10, with JPK double bass propellent, The purposs of these tests is to
establish the exact temperature, pressure and sampls size limitations of the
irradiation capsules, and to draw up revissd irradiation plans,

The results of these tests vill then be presented to the Reactor Safeguards

Committee and - if necessary - to the Atomic Energy Commission for approval of
the revised irradiation plans,
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A1l work on the program will be suspended during the period (esthrated at
2 to 3 montns) required for the AEC ruling,

2o PHASE I1 - CALCGRIMETRY AND ANALYSIS

Three additional hest of solution measurements will be made with 1,5 gram
samples of univradiated NH,C10, to complste the current series,

After a final decision is reached regarding the sample size for irradiation,
it may be necessary to repeat the measurements of unirradiated AP with smaller
sized samples consistent with the sawple sizes of irradiated material.

Close contact with the Program Manager will be maintained in ordsr to
facilitate further program revisicns which may be required.
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APPENDIX

CURRENT STATUS OF "LATTICE DEFORMATION
FRASIBILITY STUDY" PROGRAM

AF 04(611) -11548

Sept. 30, 1966

1. INTRODUCTION AND SUMMARY

On September 21, 1966, as a result of radiation capsule failure in a
modified thermal decomposition test, the AGN Reactor Safeguards Committee

program - which had been contingent upon successful completion of the thermal
decomposition test.

In reviewing the safety testing plans for the aluminum pressure veesel
to be used in this work, it was the judgment of the AEC Inspector and the
Reactor Supervisor that the planned thermal decomposition test at 200°C would
not give adequate assurance that "no damage to reactor componerts could
ozcur". In their Jjudgment an actual ignition of the RH;C10) in a sealed
irradiation capsule was needed to satisfy this requirement. The key sentence
of the Technical Specification Section of the AEC License Agreement (Revision
1, March 17, 1966) reads ss follows: "Reactive materials shall not be
irradiated without out-of-core ignition tests which shall verify that the
encapgulation will insure that no damage to reactor ccamponents could occur”.
Ther:fore the planned test was modified to continue heating the sealed sample
container (beyond 200°C) until the autoignition temperature cf NH),C10, was
reached.

The first three tests with actual or simulated pressure vessels re-
sulted in explosive decomposition of the ammonium perchlorate and resultant
capsule failure (see Figure 3 of text). In the first two tests, actual
pressure vessels were used and the sample was heated internally with a
temperature monitor mounted on the outer surface of the vessel (no
internal temperature measuremeut). Based on a previous thermocouple
calibratic: with an inert filler in place of the NH)C1l0j; sample it
appeared tiat the capsules had failed at an internal temperature of less
than 200°C. The third test was performed more carefully with a simulated
capsule made from the same aluminum tubirg used in capsule fabrication,
closed with steel Swagelok end caps and heated externally. In this test
in which both the internal snd externa)l temperatures were monitored, the
container failed, with an audible ignition, at an internal te;perature of
311°C (external temperature = 317°%).

Failure of the capsules under the conditions cf these tests was not
surprising since the capsules were designed to withstand an internal
pressure (due to slow radiolytic or thermal decompesition at 200°C) of about
4000 psia and hydrostaticalliy tested to 8100 psia. The estimated pressure
due to rapid ignition of a semple pre-heated to 311°C on the other hand.
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is over 13,000 psia. In aacltion the tensile strength of tie alloy used in
fabrication is considerably reduced at a wall temperature of 300°C, compared
with corresponding values at 100° or 200°C.

When the results of the first threz experiments were mude known to the
Reactor Safeguards Committee, they revoked their previously granted provisionel
spprovel.

Before suspending work on the program two additional tests were performed
ip a similated pressure vessel with ammonium perchlorate sample weights of
two und five grams respectively. Botk of these tests were successful.

. Five alternative courses for completion of the program are discussed -

T —————y v
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all of which involve program delays and increased cost, and in some cases, decreased
sample size, However, a decresse in semple size does not appear to be otjectionable
since the calorimetric work to date has shown better precision than expected

and it now appears that the program obJectives can be achieved with a smaller

sample than originally planned.

2. PROGRAM ALTERNATIVES

The program cannot be continued in its present form without a considerable
amount of additional testing designed to satisfy the committee that no real
hazard exists. Even if such additional tests were performed successfully, the
comittee would now be reluctant to grant approval at the local level, and
would probably insist upon obtaining specific AEC approvel in the form cf an
Amended License Agreement.

Several alternatives are possitle, all of which involve some program
delay as well az probable increases in cost and possible reduction in the
size of sample to be irradiated. Results of calorimetric measurements to
date indicate that some reduction in sample size could te tolerated - while
retaining all of the original program cbjectives.

Five possible program modifications are outlined below. The first three
involve modified program with the irradiation to be carried out at AGN while
the last two approaches involve subcontracting of the irradiation phase of
the work to the General Electric - Vallecitos Facility.

8. Irradiation of Reduced Size AP Sample in the Same Portion of
the AGN Reactor with Original Capsule Design

Additional effort involved in this spproach will involve
(1) fabrication and testing of additional capsules with reduced loads -

2
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in both room temperature and elevated tempersture igniticn tests, (2) writing
and submission of an application for amendment of the AEC License Agreement,
and (3) possibly some additional calorimetry work to establish new limits of
precision with unirradiated AP in smaller sample sizes.

If = suitable ambient temperature ignition test can be devised
(4nvolving either pure AP or an equivalent mixture of AP and an ignition aid
such as JPN) it may be possible to qualify thLe present cspsule design for the
full 10-gram loading. However, at the preseni tlue it appears that the
permissible sample lcading will be in the range of 4 to 8 grams.

b. Irradiation of 10-Gram AF Samples with a Heavier Wall Capsule
in the Same Portion of the AGN Reactor

A

Additional effort involved in this appreech will involve (1) design,
fabrication and testing of heavier-wall capsules (2) amealing the AEC License
Agreement and (3) irradiation and Calorimetry as originally planned.

c. Irradiation of 10-Gram AP Samples with Capsules of larger Outside
Diameter and Heavier Wall in an Increased Flux Region of the AGN
Reactor

T. 3 approach involves (1) design, fabrication and testing of
special capsules of larger outside diameter and heavy wall, (2) amendment of
the AEC License Agreement, (3) irradiation at a flux rete of approximately
three times the originally planned rate for 1/3 the total time, (4) calorimetry
as originally planned.

d. Irrediation of 4- to 5-Gram Samples of NH4C10) in the GE
Reactor with REON Designed and Qualified Capsules; Two Capsules
Per Exposure

This approich ‘nvolves irradiation in the Z-Trail Cable area of
the GE reactor at “"lux levelis 10 times higher than originally planned. The
REON designed capsule. have been fully qualified for use with 1.8 grams of high
explosive in detonation tests with 3.6-gram (and larger) quantities of high
explosive. The official price quotation from GE will specify the sample slze
limit for irradiation of AP - as determined by the GE Reactor Safety Committee.
This judgment is within their area of Jjurisdiction since GE is already licensed
to irradiate high explosives. The ROM cost estimate is based on irradiation
of two capsules at each planned exposure level, thus making available from
8 to 10 grams of irradiated sample.

e. Irradiation of 4- to 5-Gram Samples in the GE Reactor with
REON Designed and Qualified Capsules; One Capsule Per Exposure

In O>rder to remain as close as possible to the original program
budget, it may be possible to perform the analytical and calorimetric measure-
ments within the desired limits of accuracy - with 4 to 5 grams of sample from
each exposure level. This would then permit the use of one capsule for each
exposure level and reduce the cost of irradiz.ion by about 40%.
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3. EXPERIMENTAL DETAILS

a. Summary

The Technical Specifications {Revision 1, 17 March 1966) for AGNIR
seauire that out-of-core ignition tests muet be performed before reactive
materiais cen be irradiated in AGNIR. This test is performed to "werify that
the encapsuletion will ensure that no damage to reactor components could occur"

To comply with this =tipulation, a total of five ignition tests have been
performed with ammonium perchlorate (KIyClUy). In the first two tests, hot
filament heaters were sealed into the pressure vessel. A tape-type heater
wag used to heat the pressure vessel from the outer surface in the last three

N

[ L TN,

tests.Thesetests—verify thc—fact that NH;C10; cean indeed be ignited 1T the
temperature is sufficiently high. They also verify that the encapsulation
sor the NH;C10) irradiation experiments discussed in the hazards analysis
does ensure, within the aaticipated experimental limits, that no damage

will occur to reactor components.

b. Experimental Methods

Two experimsntal approaches were used for the ignition tests -
internal heating anda external heating. The heating rates, in all cases, were
calculated to represent the heating rate cau.ed by reactor radiation
(a3 x 107 Rads/hr) in the irrediation position (F ring). This rate is
,\.5°C/min.

(1) Pressure V.osel

The aluminum pressure vessels designed for thls program
were used for the internally-heated experiment (see Figure 1). They were
hydrostatically tested to G100 psig. A simulated vessel consisting of a 30 in.
section of the same 5/8" 0.D. Type 6061-T6 aluminum tube, used for the pressure
vessels with stainless steel Swagelok caps was used as the contalner for the
externelly-heated tests (since no more spare pressure vessels were available
at this time). This type of container had been previously tested to 24,000
psig before tube rupture occurred. A Helse gauge capable of measuring pressure
to 4000 psig was used for pressure measurements. An atmosphere of helium
was added to each vessel to simulate the proposed experimental conditions.

(2) Heaters

Three Lypes of heaters were used for the experiments. A
heater which was fabricated from nichrome wire (0.10 in. dia) and copper leads
(0.013 in. dia) and encased in ceramic insulation was used for the first of
the internmally-heated experiments. A chromel-alumel thermocouple, sheathed in
gtainless steel, was used for the second internally-heated experiment. These
heaters were calibrated for heating rate by heating a 5/8" 0.D. aluminum tube
containing sodium chloride and measuring the centerline and external temperatures.
During the ignition test, oniy the external temperature was recorded, the
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centerline temperature being estimeied from the calibration clata. The power
supply used was an AB Electro Poiisher Power Source, (Cai. No. 1715-1, made

by Buehler, Ltd., Chromel-Alumel thermocouples and M{llivolt Potentiometers,

Cat. No. 8686 made by Leeds and Northrup, were used for temperasture measurements.

For the extermally~-heated experiments, a heating tape with
variac power supply was used. The i=l-rnal temperature was monitored with a
copper constantan thermocouple: .ue external temperature with an iron-constantan
thermocouple. The Leeds and Northrup potentiometers were used for thermocouple
readout.

R TS A PO T A
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Ce. Recgults

The first three ignition tests, each conducted with 10-gram samples
of AP, resulted in pressure vessel fallure of one form or another. In two ad-
ditional tests, using reduced AP sample sizes (2 and 5 grams, respectively)
the pressure vessel remsined intact at maximum temperatures of 396°C and 359°C
respectively.

The first internally-heated test, using the nichrome heater; vas
terminated at 96° external temperature (apparent interrnal temperaiure of 180°C)
vhen the l/h" 0.D. tube separated from the main body or the pressure vessel,
at the weld, with a loud report. The tube was also severed at the Swagelok
connector and wes not found after the experiment. The measured pressure was
4 psig just before the failure of the container.

The second internally-heated experiment (using & sheathed heater)
wvas abruptly terminated when the puncture seal left the main body of the
pressure vessel. Further pressure vessel damage occurred in the form of 1.5
in. ax’- . split with subsequent opening of the tube in the radial dire ' ‘on.

This rupture occurred at 124°C external temperature corresponding to a. ‘pparent
interral temperature of a- 170°C. A noticeable pressure reading was obtained
ata 76°C and increased to 76 psig just before the pressure vessel rupture.

The first externally heated experiment also ended in an audible
fashion when a brass reducing-coupling gave way. This failure occurred at
a8 measured internal temperature of 311°C and an external temperature of 317°C
(see Table I). The pressure reading was 4O psig just before the failure and
rose to » 4,000 psig.

The results from the ignition tests verify the fact that when any

reactive compound is heated high enough, the compound will decompose rapidly
or deflagrate.

The apparent temperatures at which failure occurred in the
internally heated experiments are disturbingly low. This phenomena may be
attributed to hot spots such as the nichrome-copper junction and the fact
that the thermocouple heat.r was glowing red when the measured temperature in
NaCl was only 300°C. Under these conditions exothermic decomposition of the
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NE;C10), undoubtedly occurred and the externally measured temperature could
be of no value in determining the actual AP sample temperature. For this
reason the third test was run using an external heater with thermocouples
mounted both inside and outside.

The fact that pressure vessel feilures were not detonations (no
shrapnel) but deflsgrations is rather encouraging. The results from the externally
heated capsule show that at 150°C, the experiment scram temperature, there is no
pressure rise. Significant decomposition (or pressure rise) did not occur until
295°C. Therefore, the ignition test has shown that the capsule can contain the
reactive msterial at both the operating temperature (105°C) and the automatic
scram temperature (150°C).

4.  DISCUSSION OF TESTS

The pressure generated within the irradiation capsule by the decomposition
of NHLC10) can be estimated from the decomposition reaction,

NH,C10,—>1/2 Ny(8) + 3/2 E0(g) + EClM(g) + 5/k 0y(e),

vhich evolves a heat of 38.07 Kcal, and generates 4.25 moles of gas, per mole
of NH4C10). Assuming the perfect gas law, the corresponding equilibrium
pressure in atmospheres is,

W i 22,412 T W
Pi= 117.157 X 4.25 x -—%——— X 773 - 2.969 T x 7

where T 1s the temperature in degrees Kelvin, W is the sample weight in grams
and V is the capsule volume in cubic centimeters.

In a slow decomposition ree-tion (thermal or radiolytic) the process may
be corsidered as isothermal with the effective temperature being that of the
pressure vessel. Under these conditicns the pressure corresponding to complete
decomposition of 10 grams of NHLCth in a container of 54.3 cc internal volume
at a capsule temperature of 105°C (the assumed operating conditions) is 206.7
atmospheres or 3038 psia. At the reactor scram tempersture of 150°C, the
corresponding pressure is 3400 psia, while at the originally planned thermal
decomposition test temperature of 200°C, the correspondi:r; pressure is 3802
psia. .

Since the pressure vessels had been hydrostatically tested to 8100 psia
and there is no literature evidence of NH,C1l0) auto-ignition below the
orthorhombic to cubic phase transition temperature of 242°C - the capsules
were expected to pass the 200°C thermal decompositior. test.

However, when ammonium perchlorate is hecisd to the suto-ignition
temperature, the situation is entirely different. In this situation adiabatic
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Teble I
RESULTS OF EXTERNALLY-HEATED EXPERIMENT
(Test No. 3)
Temperature feating
Inside © Outside Ar Rate Pressure
B ) (°c) (°c) °C/min (psig)

a2 2k 3 - 0
23 28 5 2 0

38 47 9 L 0

61 T2 1 5 0

88 99 11 5 0
13 2L 11 5 0
132 143 10 b 0
150 162 12 b 0
178 192 1k 6 2
208 217 9 E) 2
218 228 10 L 2
225 237 i2 5 P
233 243 10 8 2
236 2ho 13 6 2
238 252 1L 3 2
2kl 257 16 5 2
2hé 261 i5 b 2
252 266 14 5 2
259 e 12 5 2
264 275 11 b 2
276 286 10 5 2
280 295 15 5 6
283 299 10 L 12
297 30k 7 5 17
301 309 8 5 25
306 313 7 b 32
311 317 6 b 4o
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conditions may be assumed and the heat of reaction of 38.07 KLal/mole corresponds
to a temperature rise of 1066°C. If 10 grams of NH)C1lO) were ignited at en
initial temperature of 298°K in the capsule of 54.3 cc volume,the correa-

ponding adiabatic flame temperature and pressure would be 1364°K and 10,962

vsia respectively. Under conditions corresponding tc Test #3, with the

sample and container preheated to 311°C at the time of ignition, the correspcnding
temperaturc and pressure are 1650°K and 13,251 pesia, respectively.

In addition to the pressure genersted in the ignitiosn, the tensile
strength of the aluminum alloy is considerably reduced at the temperature
corresponding to auto-ignition. Table IT lists literature values of tensile

ngth-a5 8 ction-of temperature for the alloy used and shows that at

315 c the tensile strength is only 10% of that at 24°C.

The lose in tensile strength with temperature was the chief reason for
conducting the first two pages with an internal heater - to keep the capsule
temperature below that of the AP and thus retain as much capsule strerngth
as possible. However, direct contact of the heater wire with the AP led directly
to auto-ignition and capsule failure.

In view of the data discussed above, it is not surprising that the
capsules falled in the auto-ignition test.

It should be possible, however, to devise a less severe test - more
closely resembling actual conditlions in the reactor - as a qualification for
the capsules. Room temperature ignition of NHhCloh should be an sacceptable
test; however, it may not be possible to ignite pure AP without an iganition
aid of some sort. Ignition of an energetically equivalent mixture of AP and
an ignition aid such as JPN double base propellant should provide a suitable test.

TABLE IT

TENSILE STRENGTH OF TYPE 6061-T6 ALUMINUM
ALLOY AT VARIOUS TEMPERATURES

Temperature, Tensile Strength,

°G 1b/sq. in.

2k 45,000

100 . 42,000

149 , 34,000
205 19,000
260 7,500

315 4,500

370 3,000
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5e STATUS OF CALORIMETRY

Since the last morthiy report, the calorimeter stirrer hes bpeen improved
by increasing the surface area of the bladez - resulting in more rapid attain-
ment of equilidrium and greatly improved precision. Table IXT (c¢f the text)
shows the results of the four measurements made hefcre and three measurements
made after the suv'rrer modification. Severs) more sample bulbs had beeu
preparsd for additicaal measurements this month; however, all work on the
program was suspended rallowing the September £1 meeting of the Safety Committee.

On the bvasis of the first three messurements vwith the improved calorimeter

| stirrer it nov appears that the cosired precision-uncertainty of +0.25 calfg ———
could be avileved vith a semple size s low as U.5 gram - if it becomes

necessary to reduce the sample size or irvadiation.
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