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FOREWORD

This report was submitted by United Technologies Research Center, East

Hartford CT 06108, under Contract F04611-74-C- 537, Job Order Number

305811PM with the Air Force Rocket Propulsion Laboratory, Edwards AFB CA
93523.

This report has been reviewed by the Information Office/DOZ and is releasable

to the National Technical Informaticn Service (NTIS). At NTIS it will be

availeble to the genera’ public, including foreign nations.

This report is unclassified, and s itable for public release.

Sa"’é—%r— / ,-?%% Lok

Project Engineer Propellant Section

FOR THE COMMANDER ;

NOTICES

When US Government drawings, specifications, or other data are used for any
purpose than a definitely related government procurement operation, the
Government theredy incurs nc responsibility nor any obligation whatsoever,

and the fact that the Government may have formulated, furnished, or in any way
supplied the said drawings, specifications or other data, 1s not to be regarded
by impiication or otherwise, or in any manner licensina the holder or any other
person or corporation, or convey1ng any rights or permission to manufacture,
use or sell any patented invention that may ir. any way be related thereto.
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to evaluate the efiects on breakup of thermal stress and fatigue. Thermal
chock and thermal cycltng produced breakup only under the most severe
cooling conditions.
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SUMMARY

This repor. presents the results of & program conducted at United
Technologies Researcn Center under Ciatract FOLE11-T4~C -CO31 for the Air Force '
Rocket Propulsion Lavoratories. An important relationship between catalyst
resctivity in nydrazine and catalyst wettiig and subscquent breakup has been
uncovered in this experimental program. In previous studies, wetting by
1iquid hydrazine had been shown to lead oo gas pressure buildup in catalyst
particles, folluwed, under some conditions, by particle fracture. In this
experimental study, individual Shell oS catalyst particles of various size
and history were mounted in a flow reactor in which the effects of hydrazine

temperature, flow velocity, and exposure tiuwe on wetting and breakup could be
determined.

Particle wetting has teen found tc be strongly controlled by liguid
hydrazine temperature; greatest wetting and most frcquent breakup oceur in
particles exposed to lowest hydrazine temperatures. Wetting and Lreakup,
however, are also dvpendent upon size and history. Both wetting and breakup
vary with as-received particle size. For catalysts heated in an inert atmo-
gphere, apperently independent chenges in wetting and breakup can be induced
by various heating conditions, retflecting the complex relationship of the
catalytic surface, pore characteristics and substrate strerngth.

Tests of catalyst exposed to contaminants or decomposition product poi-
sons indicated that in most cases activity was decreased and breakage was
increagsed. However, & surprising result of treatment by hydrogen gas was &
marked reduction in breakage accompunied by very small reduction in activity.

The effects of tnermal shock and thermal cycling were examined in a
series of screening tests by rapid heating and cooling of particles. Single
and multiple cycles were applied to individual particles. Particle fracture
occurred only under the most severe cooling conditions,
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I. INTRODUCTION

The use of hydrazine catalytic reactors for a wide variety of extended
life missions is presently limited by degradaticn of the catalyst particles
as evidenced by breakup of the particles. Fracturing of a catalyst particle
can be caused by large pressure gradients cr thermal stresses within the
particle which cannot be supported by the porous structure. Jreakup caused
by large pressure gradients has been illustrated under conditions in which
liquid hydrazine wetting the outside surface of catalyst particles blocked
the escape o' gaseous decomposition products (Refs. 1 to 2). Watting by the
very reactive hydrazine results in gaseocus decomposition product buildup near
the gas-liquid interface. Prosizure buildup is very rapid. while dissipstion
of pressure throughout the partic-.e¢ is slow because of the very small pore
sizes and.correspondingly high p z2ssure¢ drops. Pressure can be allevisted if
(a) gas pushed liquid out of the pores, (b) gas escapes from the pores which
have not been wet, or (c) the particle fractures. The greate. the tendency
of the particle to wet and the higher the fraction of the particle which is
wet, the more likely the particle is to fracture. In this study, particle
wetting has been shown to be related directly to catalyst reactivity in hydra-
z2ine. For a given catalyst particle, reactivity increases markedly with tem-
perature since the liquid hydrazine vapor pressure is very sensitive to tem-
perature and it is the vapor which decomposes on the catalyst surfaces, For
a set of varticles, wetting is associated with the intrinsic activity of each
of the particles -- the lower the activity, the greater the likelihood of
wetfing. Breakup caused by wetting and internal pressure buildup was found
to be an impertant mechanism which is influenced by many factors, particularly
liquid temperature, particle activity and particle history.

1. Sangiovanni, J. J. and A, S. Kesten: Analysis cf Gas Pressure Buildup
within a Porous Catalyst farticle which is Wet by a Liquid Reactant. Chemi-
cal Engineering Science 26, 533-547, 1971.

2. Xesten, A. S.: A Conceptual Model of Hydrazine Catalytic Reactor Washout
Caused by Decomposition Product Poisoning and DPressure Buildup. 7resented n*
the Monopropellant Propulsion Specialist Session, JANNAF Propulsion Meeting,
New Orleans, la., November 28, 1972.

3. Sangiovanni, J. J. and A, S. Kesten: Motion Picture Studles of the Start-
up Characteristics oi Liquid Hydrarine Catalyti: Reactors. AIAA Paper
71-102, AIAA/SAE 7th Propulsion Joint Specialists Conference, 1971.

L

H

3
E|
3
=
P

e O B A S MO AN bl A

o 0, ettt ]

I Ll

1 L

b Aottt a0 i 1

e



Lo aatie s LY

hlkint e A

Screening of other possible breakup mechaniams was also concducted vsing
both experimental and analytical techniques. ‘The effect of nonuniform wetting
on breakup was examined analytically. The effect of thermal stress or thermal
fatigue on particle Lreakup was determined by subjecting individusl particles
to heatirg and cooling cycles, In thermal shock tests, particles were heated
by & laser and quenched in water, thereby creating large thermal stresses.

In thermal cycling tests, heating by laser and cooling by low-temperature gas
vere alternated for various numbers of cycles., These mechanisms were found
to be of much less significence,

The vepnart is divided into three major parts. In the first part,

liquid immersion tests are described, and the results are adiscussed Jcr mejor
categories of particles; us-received, engine-fired, sintered, and contami-
nated catalysts. In the second section, techniques and results of thermal
cycling tests are presented. In the final part, conclusions from toth phases
(T the program are presented and, because several aspects of the program pro-
& ced unexpected and potentially important results, specific recommendations
for future work are listed.
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IT., LIQUID IMMERSION TESTS

Experinental Apparatus and !rocedures

Lisgid Ipmersion Reactor

In order to establish the relationship between wetting and breakup and
the dependence of these phenomenon on catalyst size and history, it is pre-
fereble to observe the behavicr of individual particles. The reacter system
shown in Fig. 1 was designed ior this purpose,

Shell LO5 catalyst rarticles were exposed to hydrazine in the flow reac-
tor shown schematically in Fig. 2. The body, internal parts, plumbing lines,
s1A valves were stainless steel. A Teflon particle support and EPR O-rings
were used; the viewing window wes Pyrex. Hydrazine wae stured in a 2 liter
stalnless steel cylinder, pressurized with nitrogen, and metered through
Matheson series 600 flow-meters. The hydrazine inlet line wus maintained at
reactor temperature.

The Teflon particle support rested in the holding fixture; particles
vere mounted with contact cement. A sliding sheath was dropped over the par-
ticle gupport to isolate the particles {ruw the rewalnder of the reacter;
gases in the particle volume were evacuated through & cold trap by a mechani-
cal pump while reactor temperature was stebilized, Hot and cold tap water
weye generally used to determine reactor temperature; for runs initially
below cold water supply temperature, & circulating cooling bath was installed
with 3-way valves to permit switching after test initiation. The reactor
temperature and liquid hydrazine temperature were measured with stainless
steal-cheathed chromel-alumel thermocouples read directly on Omega reacdout

meters.

The entire conduct of a test could be observed through the viewing win-
dow, Motion pictures were taken using a Locez 16 mm camera with type T24l
Extackrome film at I{raming rates cf 50 to SO0 frames per second, giving 80 to
8 weconds elapsed time, respectively. An f£/1.8, 50 mm camera l=ns with 30 mm
extension was used to gain image size with acceptable depth of field. A pair
of zirconium arc lamps was used for illumination.
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When reactor temperature was stable, the particle volume was opered to
atmnspheric pressure, partially filled with mercury, and capped. Hydrazine
flow was initiated and held a short time for purging. The camera, run at
500 frames per second, was manually started as the sheath wes lifted. Shortly

after exposure of particles to liquid, the camera was stopped and reset for
50 frames per second.

Reactor temperature was slowly raised with short film segments taken at
temperature intervals ¢f 5 to 10 P. When i{ appeared that any particle
was near.ung transition from wetted to unweted state, film was continuwousiy
run. The transition temperature and oreakaze (if any) of each particle were
recorded.

This general procedure was used for &il liquid irmersion tests. Initial
temperatures were usually 10 to 20 degrees below the transition temperature
end were as low as 31 F; maximum temperature of the water~-heated reactor was
approximately 110 F.

Particles of three sizes and a variety of historics were tested.,
As-received particles of 8-12, 1L-18, and 20-30 mesh size were w ed.
As-received samples were Yeated in inert atmospheres to determine the effect
of heaving on wetting and breakup, and as-received particles were exposed to
faseous contaminanis just before tesiing iu the liquid imuersicn recacter.
Catalyst which had been exposed to coateminants added to hydrazine fuel in
8. previous contract at UTRC (Ref. U4) was iected, and the Air Force Rocket i
®ropulsion Laboratory supplied samples of 14-13 mesh catalyst taken from a "
test engine (Ref. 5). 4

Particle Heating

Heating of as-received catalyst was conducted under an argon atmosphere
in an electric furnace having & ceramic tube liner. Ends of the tube were

L4, Christopher, G. L. M. ana S. Rucsell: (Contarination Effects on Catalyst
Life. Report AFRPL TR-7h-3E, presented by United Technologies Research Center
(formerly United Aircraft Research Laboratories), July 197h.

5. @Quirk, J. A.: Hydrazine Ingine Cold-Stert Evaluation. CPIA Publicetion
Ko, 260, Vol, T, Part II, p. LW7, JANNAF Propulsion Meeting, 197k,




sealed to fittings to accommodate elther 8 smell flow of gas or connection ;
to vacuum. Samples were loaded into ceramic boats for heating. Heating :
times were vuried from one-helf hour to overnight at temperatures of 377 F
to 1400 F. For heating times cf 2 hr or longer a{ 520 to 1000 F, samples
were loaded into a cold furnace and left in place during heatup, scak and
cooldown. For shorter times at temperatures of 375 and 500 F, samples were
loeded Adirectly into the heatec furnace, then moved after the appropriate
time to a cool section of the ceramic tube, snd, after further cooling,
removed from the liner. Argon flow was maintained while samples were in the
heating tube, except for one instance of heating in vacuum at 500 F, Cooled
samples were storad in stoppered glass vials.

Catalyst Contamination

Samples were exposed to potential gaseous contaminants (hydrazinc decom-
position products) by introducing nitrogen, hydrcgen or ammonia gas to the
sample volume after particles had been placed in the test reactor and tne
volr..2 was evacuated, The gases were admitted at 50 psig for 10 minutes,
after which the volume was evacuated, vented to atmospheric pressure and
backfilled with mercury.

The liquid phase contamination was conducted during a previous contract
at U'RC (Ref., U), catalyst was exposed to contarinants in a flow reactor
using hydrazine to which aniline, iron, or zinc were added., Pure fuel w.s
utilized for 10 sec, the mixture was used for 300 sec, and pure fuel was
employed for an additional 10 sec, CSamples used in current tests were

removed from the upper (injector) section of the flow reactor.

i ool e ol i i i rwwmmuwmmmwwmmuw%mm . i S AP,

Catalyst removed from the thruster tests at AFRPL (Ref. 5) had been sub-
jected to 98 cold starts and 166 hot starts, with & total of 115,673 pulses.
Samples coded U »30 consisted of 20-30 mesh catalyst removed from the upper
bed; samples of 1i4-18 mesh catalyst, coded L »25%, were taken from a lower ted

location.
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Results and Discussion

As-Received Particles

In the course of testing catalyst particles, cvbservations were made of
the following: vigor with whilch gas wag evolved by each parsticle, changes in
the character of evoluticn, the tempeisture dependence of such changes, and
breakage of particles. The most important factors determining wetting and
breakup were found to be the hydrazine temperature, particle size and particle
history.

In view of the temperature dependence of hydrazine veépor pressuie, it
would be expected that lowest gas evolution for any given batch of catalyst
would be observed at lowest temperatures. This was found to be true for each
catalyst batch; an illustration is given in Fig. 3. The rate of gaseous evolu-
tion upon initiel exposure was qualitatively classified as slow, wodera'e or
vigorous. Slow evolutlon was characterized by low-energy ejection of bubbles
of diameter much smaller than the particle; moderate evolution corresponded to
greater qQuantity of somewhat more energetic bubbles which moved from the parti-
cle in a8 plume, Vigorous evolution was characterized by large bubbles of
diameter comparsble to the particle diameter; theze left the particle individ-
uslly with much higher velocity. The particle remcined well-defined in the
first two classes of evolution but was almost completely obscured by a vapor
f£ilm and gas hubbles in the case of vigorous evolution. Thus, the first two
cases appear to correspond to wetted particles, and vigorous evolution typifies
nonwetted particles.

The increasing activity vs temperature, as illustrated in Fig. 3, was
associated in each batch with a second characteristic termed the transiticn
temperature. If the reactor temperature was .nised after first exposure,
activity of particles in the first two classes increased. The increase in
activity of particles in the slow and moderate classes was gradual and steady.
However, within a temperature interval characteristic of each batci, moderste
particles abruptly became vigorous. The interval over which this occurred
wes sufficiently narrow that a canange in the rate of gas decomnosition caused
by an increase in hydrazine vapor pressure was not possible. This transition
thus marks a change in degree of wetting and pressure buildup, rather than a
change in the character of gas evolution, Below this transition temperature,
particles are largely wetted and gas escapes from individusl pores in small
bubbles. Ab-ve the transition temperature there is essentially no wetting.
The particle 18 surrounded by evolved gas; the products formed within the
vapor film escape as large bubbles.
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Although a characterlstic transition tempersture was found for cach batch
of catalyst, the transition temperature is not precisely the same for all
particles of one batch, The distribution of transition temperatures for the
same catalyst tests reported in Fig. 3 is given in Fig. 4. While a relatively
narrow temperature range encompasses most particles, it is clear that particles
of varied characteristics are found in each semple, Iven under uniform condi-
tions, therefore, a particle-to-particle variation in wetting will resuit from
the difference in intrinsic characteristics.

The final observation in each test was of particie breakup. Some parti-
cles broke upon first exposure; others broke upon heating, and some did nct
bresk. Breakup was always found to be associated with transition; particles
which broke upon first exposure were also vigorous on first cbservation. In
addition, remnants of broken particles exhibited vigorous evolution.

Particles which were exposed at low initial temperatures were found to be
more susceptible to breakup on reactor heating. Data representing perticle
breakup are shown in Fig. 5 and listed in Table 1. The fracticn of particles
breaking upon heating is high for low initial temperatures and decresses as
the exposure temperature approaches the transition temperature.

A logical picture of particle reactivity emerges from these observations.
Particles which are very low 1n reactivity, although they wmay be wetted, do not
undergo a high rate of internal pressure buildup, because the rate of escape
of gas from large pores is adequate to minimize internal forces. The very
reactive particles generate gas near the surface rapidly enough to prevent
wetting. In this instance, the internal pressure also does not rise. In
intermediate cases, however, partial wetting can cause the rate of evolution
of gases to exceed the rate of escape and the internal forces can build,
causing breskup. Wheri particles break, the newly exposed surfaces do not wet
since the internally-trapped gases provide & vapor film, and the vigorous type
of evolutior results.

The important effect of initial temperature arises from the probability
of wetting in discrete areas, rather than uniformly. At lower initial tem-
peratures, a greaster fraction of the surface will be wet since fewer areas of
the particle can generate gas repidiy enougn to prevent capillary intrusion,
As the temperature is raised, however, the blocked pores tend to remain blocked
until high internal pressures sre attained.

Theresults of further tests on this and other as-received catalyst batches
are summarized in Table 2. The sum of the results indi~ates that each batch
of catalyst has an essentially unigue transition temperature and a specific
rate of breakage which reflects a balance in the perticle activity and strength,
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EFFECT OF HYDRAZINE TEMPERATURE ON BREAKAGE UPON HEATING :

CATALYST — LOT 10-MEM 20--30 MESH, AS RECEIVED
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1 TABLE 2
2
¥ TRANSITION TEMPERATURES AND BREAKUP CF
: AS-RECEIVED AND ENGINE-FIRED
¢ SHELL 405 CATALYST
¢ Initial Reactor Trensition Number (Fraction) 7
£ Cata’yst Sample Temperature, F Temperature, F Breaking
8-12 Meah
3 Lot L-MEM 3R 32 o/21 (0)
F (As-received)
14-18 Mesh_
: Lot 12-MEM 41 L2 4/33 (0.12)
i (As-received)
: Lot 6-LEM 32 32 0/9 (o)
r g {As-received)
; ATL L > 25 L1 62 20/27 (0.74)
; (Engine-fired) .
3
20-30 Mesh_ .
Lot 10-MEM 41 62 27/48 (0.58)

(As-received)

Lot 10526 41 65 2/15 (7.13;
(As-receivegd)

L — -

Lot 12-MEM Wl 5t 7/18 (0.39)
{20-24 Mesh)

AFRPL U > 3C 61 92 6/48 (0.13)
(Engine-fired)

Lot 6-PEN 41 5% 3/23 (0.13)
fAe-received)

Lot 7-QHO k1 55 L/21 (0.19)
(As-received)
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An important conclucsion from those results is that any active pariicle could,
in syrinciple, be broken if initial wetting were sufficiently complete to
block gas escape as the liquid temperature rose.

A surprising resuit is illustrated by Taeble 2. Both transition tempera-
ture and breakage are found to increase with decreasing particle size, That
. is, smaller particles are more readily wet and are more susceptible to break-
age. Although the relationship between czctivity and breakage is consistent
in all as-received samples, no clea: reason for the trend has been apparent.
In order to test the effect of particle size on characteristics, samples of
Lot 12-MEM (1L-18 mesh) were crushed between steel plates, screened to 20-2L
mesh, and tested in the liquid immersion reactor. Both transition temperature
and breakup increased, in line with the trend shown by as-received c~talysts.

Mne question of interest hes been whether breakage statistics hold for

i each immer.ion of particles; that

is, do those particles breaking on initial

exposure represent inherently weaker substrates. In order to explore this

i point, particles were left in {ne

reactor for a second exposure to hydrazine.

l , The conduct of these tests is complicated by the necessity to drive both
’ liquid and vapor hydrazine eway from the particles rapidly, since it has bezn
found that particles exposed to hydrazine vapor have become luminous frow
. reaction heat and are probably sintered. In one series, nitrogen gas was used

A

B At i

of slow pressure bulldup.

to clear the reactor of both liquid and gaseous hydrazine, after which the
particle sheath was lowered, the particle volume was reevacuated, and the
particle was retested. In other tests, the hydrazine level was dropped by
gravity, the sheath was lowered, and hydrazine vapor was pumped away prepara-
tory to retest. These results were not conclusive. The average transition
temperature was 71 F, higher than the 63 F for as-received particles, but
breakage was almost nil (1 of 36 particles broke). The average transition
tempera.ure change indicates that a net activity decrecase occurred, and this
would be expected to lead to higher breakage. However, the distribution of
particle transition temperatures was unusuel; some particles remained very
active, and would not be expected to break. GCthers became much less active,
possibly due to sintering; these would also be less prone to breakage because

A return to testing methods of previous work at ((RC (Ref. 3) may be

indicated for tests of this type.

In previous tesis the catalyst particle
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was elevuted from and lowered back into a mercury pool Lelow 1iquid hydrazine.
This provides sufficient hest transfer that particles returned to mercury would
remain cool; however, the problem of adequate removal of decomposition products
from the particle remains.

Several parameters were found to have little effect on wetting or breakup
in siugle particle tests. Flow velocity was found to affect the shape and
velocity of the plume of evolved gases, but not the apparent rate of evolution.
This reflects the fact that the caplllary intrusion caused by surface tension
involves pressures much greater than the dynamic pressure of the hydrazine
stream. In packed bed reactors, however, 1liquid velocity determines the pene-
tration depth of 1iquid into the bed, Therefore, the total number of particles
which may potentially be wet and breakh is dependent wpon velocity.

A simplified thin slab model . & porous catalyst particle has been used
to make an assessment of the imporiince of nonuniform wetting on stressing of
the particle structure. If the model catalyst particle were wet by liquid
hydrazine on one side only, with the other side exposed to hydrazine vapor,
the latter side could heat up due to lycrazine decomposition while the wet
gide would remain cooled by the liquid. The resulting temperaturc gradient
would result in thermal stress acting to increase the stress caused by pressure
buildup at the liquid interface. The significance of this additional stress
was estimated by computing the temperature rise of the "dry" side of the model
particle during the period of pressure bulldup due to wetting of the other
gide, Computations were made as a function of liquid temperature with the
vaper hydrazine at a conventration determined by the vapor pressure at the
liquid tempersture, Temperature rises of only a few degrees were calculated
at 1iquid hydrazine temperatures of interest. This woculd indicate that en-
hancement of pressure stress by heating resulting from nonuniform wetting is
small.

Engine-Fired Samples

The results of tests on engine-fired sample forwarded by AFRPL (Ref. 5)
are also given in Table 2. A 1L-18 mesh sample (L > 25, removed from a lower
bed), when tested at 71 F, resembled as-received 14-18 mesh samples at
aprroximately 37 F. That is, there was a moderate range of initial activitites,
accompanicd by significant breakage upon hecting. It would appear that the
engine-fired catalyst has suffered a significant reduction in activity, i.e.,
a higher reaction temperature is requircd for equivalent gas evolution. This
could account for greater breakage at equal initial temperatures, by virtue of
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wuch greater initial wetting. A factor which may coeXxist is weakening of
the substrate by other wmechanisms,

ol il NS s 1 A

Similar differences in uctivity were noted between as-received Z0-30 mesh
particles and engine-fired 20-30 mesh catalyst from an upper bed ( U > 50).
However, a much smaller fraction of used 20-30 mesh particles broke upon heat=
ing even though the transition temperatures were very high. The contrast
between AFRPL L > 25 and U > 3C esmples way be due to differences in the
balance of activity, physical characteristics and strength of particles, The
vossibility of liquid completely filling part of the porous structure of the
appsrently inactive U > 30 particles and retarding breakup must be considered
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Several aspects of the engine-fired particles were distinctly different
from previously-conducted tests. First, the bubbles of gas products appeared
to be smaller than for as-received particles, Secondly, the transition fror
slow to vigorous conditions was less abrupt. Thirdly, the particles generrlly
fractured by simple splitting rather than exploding in a burst of fragments.
Finally, at the temperatures of 61 or 71 F, °rticles which were classified
as initially vigorous included some which required a short induction period
of approximately 1 second or less.

These observationc are censistent with a picture of lower activity,
especially near the surface, pcssibly coupled with an altered pore size dis-
tribution or reduction in substrate strength. As & result of lower activity,
slightly longer time might be required to build up internal gas pressure and
expel liquid; this would correspond to the induction phase. Increase in
average pore sice would be reflected in facilitsted pressure release; reduc-
*ion in substrate strength way be responsible for the less spectacular breakage.

Heated Catalyst

The results on as-received and engine-fired particles indicate that
factors beyond intrinsic activity are important. The pore sizes and pore
size distributions play an important role in determining the degree of wetting,
the magnitude of internal pressure rise, and the differential pressure stresses
across pore walls, Changes in these particle characteristics can be induced
by heating. Particles were subjected to a wide range of hev'inyg tewmperatures
: and times to determine the effect of heating on the relstionship between
wetting and breakup.

g
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i The results of heating as-received particles are given in Tables 3 and b,
. Data in Table 3 pertain to heating 14-18 and 20-30 mesh catalyst tor times of
: 2 hrs at temperatures of 500 to 1400 F. Data in Table L4 present the results
of heating 20-30 mesh catalyst for various times at low teuwperatures, The
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TABLE 3

TRANSITION TEMPERATURES AND PARTICLE BREAKUP
IN SHELL 405 CATALYST AFTER HEATING IN ARGON:
EFFECT OF TEMPERATURE

Transition Number (Fraction)
sample Treatment Temperature Breaking
14-18 Mesh,

Loy 1e-MEM_

As-received L2 L/33 (0.12)
500 F, Argon, 2 hr Tl 0/15 (0)
950 F, Argon, 2 hr 110 1/12 (0.08)
100 F, Argon, 2 kr 120 0/12 (0)
20-30 Mesh,

Lot 10-MEM_

As -received 63 27/48 (0.56)
500 F, Argon, 2 hr 89 1/15 (0.07)
500 F. Vacuwsi, 2 hr 81 1/13 (0.08)
950 F, argon, 2 hr 110 0/12 (0)
1400 F, Argon, 2 hr 110 ¢/12 (0)
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TABLE 4

TRANSYTION TEMPERATURE AND PARTICLE BREAKUP
IN SHELL 405 CATALYST APTER HEATING IN ARGON:
EFFECT OF HEATING TDME

Treatment

As-received

1/2 hr, 375 F

1 hr, 375 F
11/2 hr, 375 F
2 hr, 31S F
Overnight, 375 F

1/2 hr, 500 F

1 hr, S00 F

1 1/2 hr, SO F
2 nr, 500 F
Overnight, SO0 F

hr, 3¢ F
hr, 500 F
hr, 950 F
hr, 1#00 F

SIS IR IV V]

Cutalyst:

20-30 Mesh, Lot 10-MEM

Transition
Temperature,

€3

62
63
62
63
64

69
67
€8
89
gr
63
89
110
110

Number (Fraction)
Breaking

27/48 (0.<6)

3/1% (0.21)
3/15 (0.29)
3/15 (0.20)
L/i6 (0.25)
4/17 (0.2k)

1/15 (C.07)
1/15 (0.07)
2/15 (0.1k)
2/21 (0.10)
2/15 (0.13)

L/16 (0.25)
2/21 {0.10)
2/12 (0.17)
/12 (0)
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effect of heating at temperntures of S50C F or abtove was to raise the transition
temperature of samples (i.e. , decrease the activity) and decrease breakage to
a low level., However, the first treatment was found to have the greatest
effect on reduction of breskage. Tuls was particuiarly true for the 20-30
mesh sample where breakage after heating at 500 F was reduced by a factor of

approximately 8.

In addition to the very large reduction in breakage, the relationship
between transition temperature and breakage no longer follows the trend for
as-received particlea, The great change in breakage would be expected to be
accompanied by a much larger change in transition temperature than is observed,
or the more gradual change in transition temperature shovld be accompanied by
smaller and incremental changes in breakage,

To test whether intermediate change. .aight be possible, further heating
wag conducted on Lot 10-MEM (20-30 mesh), which had the largest breaskage for
acs-recelved catalyst; samples were heated for short times at 375 end 500 F.

ne8e results are shown iu Teble 4., The results to some extent parallel the
data shown in Table 3, and -~imilarly do not match the trend for as-received
samples. Heating at 375 F produced a ve:ry slight increase in particle activity
8ind a marked decrease in breakage. Heating at 500 F produced a sxmall activity
decreasge for heating times to 1-1/2 hrs and larger decreuse thereafter: this
was accompanied by a significant decremsse in breakage beyond the 375 F ‘:ase,

These results indicete that particle activity alone is not representative
of breskage to be expected, since greatly reduced breakage may accompany
glight change in activity. The most probable alteration which occurs during
heating is a shift in average pore size to greeter diameters through the
mechanisw of pore coalescrnce or unblocking; this could lead to lower breakage
through easier pressure rel:ase, It is possible that small changes in
catalytic area, not reflecie. in evolution, accompany initial pore changes.
However, as pore size is Iincreased by coalescence (i.e., as pore aresa decreases)
catalyst active area mucet also ultlimately decrease.

Conteminated Catalysis

The effect of contamination on particle characteriestics wus determi:ed
using samples contauinated by several procedures. ©One class of contaminated
samples exposed to impurities or forelgn substances found in hydrazine, was
prepared during a previnus contract at UIRC (Ref. L). 1In that effort, con-
+aminants were deposi.ed from hydrazine fuel during continuous-~flow reactor
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runs lasting 300 sec. The contaminants were aniline, added to Mil Spec
hydrazine at concentrations of 25,000, 50,000, and 100,000 ppm, iron (as
ferric nitrate) at 500 ppm and zinc (as zinc nitrate) at 500 ppm. Samples
tested in the liquid immersion reactor during this report period had been
removed from the injector portion of the flow reactor, As-received samples
of the catalyst used in the contamination studies were tested for reference.
The results are given in Table 5.

A great variation in the effest of contamination from the fuel was found.
Aniline had a moderate effect on characteristics, while iron and zinc showed
strong effects. The transition temperature of samples exposed to the 25,000
prm aniline/hydrazine mixture was the same as for the as-received sample, i.e.,
55 F. The transition tempec. :ture was 60 F for the 50,000 ppm mixture and
slightly higher, 61 F, for the 100,000 ppm mixture, Breakage was more exten-
sive for the 25,000 ppm mixture than for as-received catalyst, and breakage
declined with increasing aniline concentration, but remained above that of
as-recelved samples,

The effect of iron and zinc poisons wes much more pronounced. Both samples
had significantly higher transition temperatures and breakage. In addition,
some catalyst was found to be essentially inert; 7 of 18 zinc and 1 of 15 iron-
contaminated particles showed negligible activity at all reactor temperatures
t6 110 F, The character of the gaseous evolution from these samples was also
unusual, The reactiun sometimes appeared to be sporadic; a clear transition
to vigorous activity was occasionally followed by relaxation to lower activity.
In the case of zinc-contaminated catalyst, transition to vigorous activity
was less clear and the rate of evolution after transition eppeared to be lower
than for the iron-contamina:ed catalyst or as-received samples,

The samples used in tl.ese tests, as noted above, were prepared by contam-
ination from liquid hydrazine in a flow reactor, Although the conteminant
level was constant during the 300 sec firing, not all particles within each
of t° “hree bed locations would be expected to reflect the same degree
of contamination, Particle orientation and location with respect to the fuel
flow, local particle texperatures and remaining contaminant in the flow all
would determine the deposit on individual pariicles. 1In addition, a 10 sec
run with pure hydrazine was conducted at the end of each 300 sec firing; some
contaminants may have been removed durlng this period, Thus, wide intre- and
inter-particle variation could be expected.
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A second class of contaminaced sawple was prepared by introducing nitrogen,
hydrogen or ammonis gas to the sample volume after particles had been placed
in the reactor and the volume was evacuated. These gases represent potential
catalyet poisons which are produced by the hydrazine decomposition. The gases
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§ TABLE 5 |
; TRANSITION TEMPERATURES AND PARTICLE BREAKUP '
1 IN AS-RECEIVED AND SOLUTION-CONTAMINATED F
1 20-30 MESH SHELL 405 CATALYST )
]
1 Transition Number (Praction) 5
Batch Contaminant Tempe rature Breaking e
T-QHO As-received 55 L/21 (0.19) :
] T-QHO Aniline 25,000 ppm in hydrazire 55 6/15 (0.40)
: 7-Q40  Aniline 50,000 ppm in hydrazine 60 5/15 (0.33)
,
7-QHO  Arniline 100,000 ppm in hydrszine 61 L/15 (0.27) '
] 6-PEN  As-received 55 3/23 (0.13)
' ©-PEN Zinc 500 ppm in hydrazine 86 6/18 (0.33) ‘ ?
discour.ting inactive catalyst 71 6/11 (0.55) :
6-PEN Iron ¢ O ppm in hydrazine 65 6/15 (0.L40) i
discounting inactive catalyst 62 6/14 (0.L43) H
:
[
E Note; Conteminante applied from hydrazine solution during tests at UTRC under ]
} Contrect FOL611-72-C-0019 (Ref. 4). ;
:
1




were admitted at 50 psig for 10 minutes, after which the volume was evacuated,
vented to stmospineric pressure and backfilled with mercury. These treatments
were applied to as~received samples of Lot 10-MEM, used in most liquid immer-
sion tests to date, and to as-received samples of Lot T-QHO, used in the liquid
contamination studies (Ref. 4). The as-received batches have somewhat differ-
ent characteristics; Lot 7-QHO exhibits a lower temperature and much lower
breakage than Lot 10-MEM. The results of these tests are shown in Table 6.

Treatment of Lot 10-MEM with nitrogen gas produced no distinct change in
particle characteristics. Both the transition temperature and breakage
remained similar to those of as-received samples, and the general character of
the evolution was unchanged from the as-received sample. Hydrogen and ammonia
treatment produced significant but different changes. Hydrogen treatment
resulted in elimination of breakage without change in transition temperature,
vhile ammonia caused an increase in breskage which was accompanied by an in-
crease in transition temperature. Ammonia-treated particles also tended to
shatter when breaking. The similarity of results in the two batches indicates
that these are general processes and not specific to one sample.

Since Shell 405 catalyst is stabilized to air, it would not be expected
that exposure to nitrogen at low temperature wzill produce significant changes
in the catalyst. In both current tests and those reported in Ref. 3, nitrogen
treatment had no sensible effect. But the effect of hydrogen treatment
appears to be remarkable. In Ref. 3, it was reported that hydrogen treatment
similar to that of current tests reduced catalyst activity, though the reduc-
tion was small for low hydrogen pressures as were used here. In the current
tests hydrogen treatment caused no perceptible change in transition tempera-
ture, which is related to activity. Certainly, the dramatic reduction of
breakage appears unrelated to activity. The only other instance where similar
behavior was noted was in the series of heating tests where heating even at
low temperature in an inert atmosphere reduced breakage considerably without
much change in apparent activity.

Increased breakage after ammonia treatment may reflect both surface
activity reduction, which would increase wetting, and physical blockage.
The blockage could result from capillary condensation of ammonia in the par-
ticle pores. Upon sudden evacuation, freezing of the condensed ammonia
could inhibit removal, and the trapped ammonia could remain as liquid during
coverage by mercury, remaining in the pores after exposure to hydrazine.

validation Tests

The validity of experimental procedures was also examined in special
tests. In one series, mercury backfill after evacuation was eliminated. The



TABLE 6

TRANSITION TEMPERATURES AND PARTICLF BREAKUP
IN AS-RECEIVED AND GAS-CONTAMINATED
20-30 MESH SHELL 405 CATALYST

Transition Number (Praction)

Batch Contaminant Temperature Breaking
10-MEM As-received 63 27/48 (0.56)

, 10-MEM Nitrogen 62 5/11 (0.45)

| 10-MEM Hydrogen 63 0/15 (0)

i

i 10-MEM Ammoria 65 11/15 (0.73)

i

]

g 7-QHO As-received 55 L/21 (0.19)

, 7-QHO Hydrogen 55 0/9 (2) .

i 7-QHO Ammonia 61 /9 (0.« .,

Rote: Contaminants applied for 10 min at 50 psig after loading in liquid
immersion reactor.
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purpose of testing without mercury backfill was to establish whether mercury
has any effect on the particle surface, either by intrusion or amalgsmation.
No change in activity was found; & transition temperature of 64 F for Lot 10-
MM, as opposed to 63 F for tests with mercury backTill, was observed.
However, lower breaskage was observed (30% vs ~ 50%). This indicates that the
mercury does not interact with the catalytic surface, but that the absence of
the surrounding 1iquid mercury permite approaching hydrazine vapor to react
before liquid hydrazine can significantly interact with the particle.
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Long immersion times at fixed temperature also had no effect on activity.
Samples which were low in activity were left in place without heating for as
long as 1000 sec; no increase in activity was found. However, if low activity
particles were exposed to vapor by lowering the liquid, vigorous evolution was
found after reimmersion. Lack of change in evolution under steady wetting is
a result of continued heat transfer to the 1liquid; in the single particle tests
the 1iquid temperature did not rise, and evolution remsined steady. However,
lowering the 1iquid simultaneocusly removes the cooling effect of the liquid,
allowing increasing reaction rate as the particle heats, und reduces the iu-
ternal pressure necessary to expel capillary liquid by removing the liquid.
Once particle temperatures and gaseous evolution are increased, reimmersion
cannot quench reaction and vigorous evolutlon continues,

A third varlation in liquid immersion experiments was also conducted over
long time periods. Seamples of 8-10 and 1L<18 mesh, as-received catalyst were
exposed to temperatures of 4l F; initial reaction was vigorous. The hydrazine
flow was stopped, and the reactor lines were closed. After one-half hour, P2
reaction in each case had slowed appreciably. However, when pressure was '
released and fresh hydrazine wes admitted, vigorous reaction was immediately
restored. This was repeated rour to six times; each cycle led to the same
result. No breakage accompanied any of the resurgent activity. This way
indicate that an accumulation of dissolved decomposition products inhibited
the reaction, but that wetting did not occur, and intrinsic particle activity
was not diminished.

i s L L SN i

A final variation in procedure involved the rate of heating of the reactor ;
system. In this series, the time to ralse the reactor temperature from 4l F E
to 90 F was extended to approximately 4 hours. The observed transitions and 3
transition temperatures for 20-30 mesh, as-received particles were similar to
those runs in which heating times of 3 to 5 min were employed. This further
indicates that wetting, gas generation, internal pressure and pore pressure
release are in balance at all temperatures,
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III. THERMAL SHOCK AND THERMAL CYCLING TESTS

Experimental Apparatus and Procedures

Thermal shock and thermal cycling tests were conducted using the apparatus
shown in Fig. 6. The beam of & CRL Model 40 laser was directed at catalyst
particles. In thermal shock tests, the motor-driven system was not activated;
the optical path from laser to sample was clear. A firebrick was used to block
the beam during sample insertion and was removed manually to initiate heating.
Heating rates were approximately 500 to 1000 F persecond; the intention was
to attain test temperatures over the same time span, i.e., approximately 2
seconds,

Samples were mounted directly to thermocouple beads with a amall quantity
of high-conductivity, silver-bearing epoxy cement. The particles were posi-
tioned at the focal point of the optical system such that the thermocouple was
not in the beam. The sample holder was held in vertical position by a small
block; when the desired particle temperature was attained, the block was
removed and the sample was pressed downward, plunging the particle into a
container of water at LO F. Separate tests with the thermocouple placed in
the beam focus and with a second thermocouple bead (welded to the first) in
catalyst position verified the correspondence of particle and thermocouple
temperatures, adequate thermocouple response time, and negligible heating of
the thermocouple by slight misaligrment (the intensity of the laser beam falls
of f very rapidly away from the centrul portiom).

Particles were subjected to thermal cycling in the laser heating system
shown schema*ically in Fig. 7. A lager beam and liquid nitrogen boil-off jets
were alternately directed on the suspended particles. The one-cycle time was
approximately 120 millisec, determined by a variable-speed, rotating cylindri-
cal shutter having four open ports of L5 deg each. The axes of the four
cooling Jets were positioned at 45 deg to the optical axis.

Particle temperatures of over 2000 R could be obtained by steady exposu. .
to the laser beam; with the shutter rotating and with both heating and cooling
systems operating, particle tempcratures as high as 1950 R were determined
with an optical pyrometer. Thermocouple readout of temperature was cbtained
for lower cycling rates at both higher and lower temperatures, where response
time was less significant.
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THERMAL CYCLING APPARATUS FOR CATALYST PARTICLE STUDIES

COLD N, COLD N,
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Particles were attached with contact cement to & ceramic rod and lowered
against 2 small chromel-alumel thermocouple. With cocoling gas flowing and
shutter rotating, the laser beam was directed at the particle. The heating/
coolliig cycle was continued for three minutes, with pyrometer readings taken
at one minute intervels. /Approximately 1530 cycles were applied Lu each
particle; in selected cases this was extended to app:oximately 10000 cyclea.

Four batches of Shell 405 catalyst were used in this series: 14-18 mesh,
Lot 12-MEM, and 20-30 mesh, Lot 10-MEM, both asereceived, and two samples of
similar sizes supplied by AFRPL. Cumplete detalls of the AFRPL engine tests
are given in Ref. 5. All four batches were also used in liquid immersion tests.

Results and Discussion

The results of thermal shock tests are summarized in Table 7. As indi-
cated in the summaiy, as-received particles of both 14-18 and 20-30 mesh sizes
w 2 essentially unaffected by thermal shock. Neither heating nor cooling
csused b:eakage, except for one 14-18 mesh particle which broke upon immersicn.
All samples werc recovered. Particle substrate integrity did not appear to
be greatly affected; none of these particles brole during manipulation with
tweezers after the tests.

Samples furmished by AFRPL exhibited noticeably different behavior. Dur-
ing part of the test series of L > 25 particles (nominal 14-18 mesh from a
lower bed) same particles broke during heating and a significant number broke
on quenching. Overall, the L > 25 samples showed increasing tendency to break
during quench as the particle temperature was increased. These results are
shown graphically in Fig. 8. In addition, some particles which did not break
in the thermal shock tests were very fragile in the normal handling, i.e.,
removal from the water with tweezers and mounting on paper with clear tape.

The smaller particles from an upper bed (U > 30) showed essentially the
same behavior, although only one sample broke upon heating. The trend to
greater breakage at ' .gher temperature was similar, as shown in Fig. 8. The
summary results of all tests are also shown in Fig. 8; the fit to & single
line is approximately the same for all data, indicating the particles are much
the same. The greater fragility of the previously fired samples would appear
to be caused by a lower substrate strength following the extensive engine
firing; this may reflect the application of many thermal stresses during
startup and run cycles.

I m

hoor AR A Lo 1B

T [ Uy

1
Fl
3
3
i
=
3
i
i
3

e e el a wd

sl Tl ol

b e s o

AT .




TABLE 7
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TARTICLE BREAKUP IN THERMAL SHOCK TESTS

T e

E |
§é

Breakage .
Sample Temperature, ¥ No. Samples During Heating Upon Cooling
: 14-18 mesh, < 1000 35 o] o] . A
! Lou 12-MEM 1000 11 0 0
‘ as received 1200 11 0 1 é
1400 1k 0 0
1600 n 0 0 3
1800 5 o 0
20-30 mesh, < 1000 30 0 0 E
Lot 10-MEM 1000 10 0] 0] 3
as received 1200 10 0 o
1400 10 0 0 5
1600 10 0} 0 E
1800 5 0 o f
2000 2 0 0 .
14-18 mesh, < 1000 2 0 0 3
L>25 1000 21 ? 0 . E
AFRPL-supplied 1200 17 1 0 é
sample (Ref. 2) 1400 20 3 2
: 1600 22 2 L é
E 1800 22 2 5 3
2000 10 0 L )
20-30 mesh, < 1000 6 ¢ 0
U > 30 1000 16 0] 1
AFRPL-supplied 1200 20 0 1
sample (Ref. 2) 1L 10 0 2
1600 20 0 6
1800 20 1 5
2000 20 0 8
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Although the object of this serlies of tests was to induce thermal stress
by rapid cooling from high temperature, breakage of some L > 25 particles
upon heating indicated establistment of large thennal stress during this phase
in & limited number of tests. One possible cause of the few heatup breaks
found may be a combination of optical condltions leading to an unusually small |
and hot beam., Lager tube cleaning and various optical adjustments were fre-

: quently required, and all of the heatup breakage occurred between two adjust-

: ments. The possible rapid heating rate may not have been fully indicated by
the thermocouple, although the nel heating time appeared to be essentially the
£ same. In a separate series of tests, the laser power was varied to determine
whether heating rate might influence breakage. For moat particles, the time
to attain final temperature was approximately 2-3 sec. This corresponds to
temperature increases of approximately SO0 to 1000 deg F/sec. In specific
tests, the heating time was extended to 8 to 10 sec or shortened to the minimum
possible of Just under 2 sec. Nc significant change inbehavior was found,

and no further heatup breakage occurred.

-
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Breakage by thermal stresses induced by thermal cycling did not occcur in
any of the particles tested. The most noticeable feature of the experiments
is a small (less than 100 F) drop in radiated temperature over the course of
each experiment. Irradiated particles, upon visual examination, appear to be .
less porous, clightly glazed and metallic on the exposed surface. Temperature
drop may be due to surface sintering which reduces the energy adsorbed.

Illustration of the surface changer induced by the long thermal cycling
is given in Fig. 9. As-received and irradiated samples of two batches are
gshown. In the case of a particle from batch 12-MEM, the irradiated sample
shows a number of large cracks and apparent sintering of the surface. In the
case of the sample of batch 6-LEM, the structure changes are accomp-nied by a
white deposit typical of most irradiated particles.

b Ll b S e ettt st A i i i,

Analysis of the surface of the two laser-heated particles on Fi~. 9 using
x-ray techniques in the scanning electron micrcscope indicates that the surface
loading of catalystic metal (iridium) has decreased substantially on exposea ;
surfaces. This is shown in Fig. 10. This reduction in iridium loading would E
lead to greatly decreased activity of this area of the catalyst. (In Fig. 10, 3
the trace superimposei on the particles is proportional to iridium concentra- i
tion. Occasional reductions in the trace represent changes in Leam focus
caused by particle irregularities.)

e il

A e e L

34




Sl Lt UL LT

0N TR PR~

BATCH

6 LEM
14--18 MESH

12 -MEM
14-18 MESH

PHOTOGRAPHS OF SHELL 405 CATALYST PARTICLES
BEFORE AND AFTER THERMAL CYCLING

MAGNIFICATION 28X

BEFORC AFTER

e e

FIGURE Y




-

g 7 L o Y e T ]
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IV, CONCLUSIONS

1. 7The importance of wetting as a mechanism of catalyst particle breakup
has L zen confirmed in this investigation. Important relationships between
37 uild temperature, catalyst reactivity and catalyst wetting and breakup

¥ e been determined.

2. The strongest influence on wetting is the temperature of liquid hydrazine
in which particles are immersed. For a given catalyet particle reactivity
increas<s markedly with temperature, since the liquid hydrazine vapor pressure
is very sensitive to temperature and it is the vapor which decomposes on the
catulyst surface.

3. Ilmmersion of particle at fixed temperature mey result in either wetted
or nonwetted state. Heating of the system produces spontaneous change to
nonwetted conditions at a characteristic transition temperature.

4. Although an average transition temperature exists for each batch of
catalyst, the transition temperature is not precisely the same for a&ll par-
ticles, indicating that particles of varied characteristics are found in
each sample.

S. Particles which were exposed st low initial temperatures were found to
be more susceptible to breakup on reactcr heating. This suggusts that wetting
is temverature dependent with respect both to penetration depth and area.

6. The physical size of particles was found to be important. Both transition
temperature and breakage were found to increase with decreasing particle size.

7. Tests were conducted to determine the effect of repetitive wetting on
breakup, in order to examine whether particles breaking on initial exposure
represent inherently weaker substrates. Very low breskage was found upon
successlive immersion., However, since reuse of particles alters the charac-
teristics from the inltial as-received state, the results are inconclusive.

3. The magnitude of flow velocity does not affect breakup of individusl
perticles., However, in a packed bed reactor liquid velocity determines the
depth o. penetration into the bed and the number of particles which may
potentia 1y be wet.
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9. A simplified thin slab model of a porous particle was used to make an
assesment of nonuniform weiting on stressing of particle structure.

Temperature rises of only a few degrees were celculated for liquid hydrazine
temperatures of interest. This would indicate that enhancement of pressure
stress by thermal stress induced by nonuniform wetting is small,
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10, Engine-fired samples showed greater breakage than as-received catalyst,
However, samples tested vere from two locations of a single test engine, and
b the results must be considered tc depend upon the history of that particular

engine.

: 11. Low-temperature heating produced a surprisingly large and favorable effect
on breakage. For heating conditions under which neither pore nor structural
changes would be expected, reduction 1n breakage without change in activity

r wvas found.

| 12, Treataent with ammonia gas before 1liquid immersion caused a decrease in
i activity and increase in breakage.

13. Treatment with hydrogen gas at 50 peig produced the unexpected result of
substantial decrease in breakage with little change in activity. This suggests
that changes in activity and breakup are nct necessarily coupled, and that
potentially favorable effects in one characteristic may be obtained without

change in another.

! ik, Inorganic contaminants (iron and zinc) and a manufacturing impurity
(aniline) both caused a decrease in activity and increase in breakup.

it il

15. As-received particles were unaffected by thermal shock. Engine-fired
particles exhidbited moderate breakage or were made more fragile by thermal

shock.

it . 1t e il o ot ]+ R

16. Thermal cycling was found to be ineffective in breaking particles. Tests
were conducted for a typical duty cycle (60 msec heating/60 msec cooling) with
perticle temperatures reaching 1900 F, For exposure times up to 20 minutes
(approximately 10,000 cycles), no breskup was detected.
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V. RECOMMENDATIONS

Breakup of catalyst particles caused by wetting and internal pressure
buildup has been shown in these experimentc to be of great importance.
Wetting is controlled by a combination of two factors: the temperature of

hydrazine to which particles are exposed, and the intrinsic activity of
the particles.

The 1iquid temperature determines the hydrazine vapor pressure and
decowposition; for a particular particle a higher temperature leads to
greater rate of reaction and lower probability of wetting. Within an
ensemble of particles at a fixed hydrazine temperature, those which are
intrinsically most reactive would be least likely to wet. These experiments
have shown that individual particle reactivity varies over a considerable

range as evidenced by the distribution of transition temperatures for each
batch.

To elucidate further the effect of intrinsic activity on wetting and
subsequent breakup, it is important to evaluate the reactivity of individual
catalyst particles, For this reason, a program is suggested to measure the
activity of individual catalyst particles using kinetic as well as equi-
librium methods and to correlate the resulis of these measurements with a
measure of 'wettability" in the hydrazine system. While the objective of
this work is to obtain a clearer understanding of the relationship between
activity and breakup, it may ultimately provide a method for screening of
an engsemble of catalyst particles with respect to reactivity in hydrezine.

Breakup is also affected by the physical characteristics of catalyst
particles. The pore size and pore size distributions plsy an important
role in determining the degree of wetting, the magnitude of internal precsure
rise, and the differential pressure stresses across pore walls., Changes in
particle characteristics can be induced by heating or gas adsorption. 1In
the experiments reported here, it has been indicated that particle heating
and hydrogen preconditioning can, under certain conditions, lead to reduction
in breakup without change in catalyst activity. These imply changes in pore
size distribution, surface wettablllity, or partlicie strength characteristics.
Work 1s required to measure the effects of catalyst preconditioning on both
catalyst activity and physical rharacteristics and to correlate these effects
with the results of wetting and breskup tests.
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