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FOREWORD 

Staff membeu of the Aeroapace Reaearch Department and Eng1nee1'in8' 
Department who nave partic1;pated in directing 01' puforming the work re
ported herein include Maara. S. P. Jonea. Jr. , Ci. Whitnab, M. Sandgnn, 

A. Andeuon, D. Stender, .R. Lindquist, J. McOiUicuddy, J. Upton,· 
P. Stroom. 0. Morfitt, A. T. Bauman, T. Peteraen, D, Harrin1ton, 
R. Ackroyd, D. Kedl, B. Schmidt, G. Lunde, R. Dahlberg, R. Kendall, 
E. Knutaon, J. Unga, J. Pilney, A. Johnaon, G. Leiter, C. A. Morril, 
and K. Pontinen. 
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ABSTRACT 

Thia Thirteenth Quarterly Progreu Report preaenta the reaulta of work 
conducted at General Mllls, Inc:. under Contract No. DA-18-0M-CML-·a745, 
''Diasemination of Solid and Liquid BW Agents" during the period 4 June to 
4 September 1963. 

Valuable information on the properties of powdera, both biological simu• 
lanta (~and.!!!) and non-biological aimulante (auch aa dried egg albumin a.nd 
cornstarch), have aided in the development of the E-41 spray tank !or the line
eource dissemination ol dry aoUd BW agents. 

Tensile strength of powders aa a !unction of bulle density and particle size 
was studied, using the sc1mented column method. The sliding-disk shear· 
atrength method wae uaed to measure shear charac:teriltice of. a number of 
powders. A methoda study wae made to determine tbe relative merita o£ pre
shearing or not pre-shearing the powder prior to the ahear teat. 

The fundamental behavior of two catesories of powdera wae studied. The 
reaulting data correlate powder properties in a conailtent and logical manner. 

The newly deaigned and built Powder Reaistometer was used to measure 
with great precision interparticulate reaiatance to now in a number ot powders. 

Surface area o£ powder a was measured by the BET adsorption method and 
a mathematical determination of micro.spore structure of powders was made 
from these data. 

The electron microscope was uaed to study shape and structure of one 
powder. 

E!fect8 of elec:tl'oatatic chugs and humidity conditione upon aerosol 
!ormation and decay were studied with results sufficiently consistent to 
define the operating range of relative humidity. 

Storage of compacted§!!!. samples was continued with viability assays 
being made on Z·month and 4-month samples. There was no significant 
difference between compa.~.:ted and WlCOrnpa~.:ted ~· 
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The status of work related to the E-41 spray tank is reported. Weight 
and center of gravity data are presented for thts unit when fitted with the new 
4-finned tail section. Experiments on compaction Qf powder within the ex
perimental unit using the piston-screw mechanism for compaction are clia
cuaaed. Dry lubricants, principally grapnite, were found to cause a small 
decrease in slde wall friction of compacted talc:. It was found that parafin 
and aodiwn silica.te could be removed by the piston nut if these materials 
are applied to the screw threads to keep out the powder. Succeu!ul fit teat. 
of the E-41 on the F-lOOD and F-105 airplanes at Eglin Air Force Base are 
reported. 

Result' of" planning meeting at the Navy Department in preparation for 
testing the E-41 spray tank on the Mohawk airplane are :reported. 
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THIRTEENTH QUARTERLY PROORESS REPORT 
ON 

DISSEMINATION OF SOLID AND LIQUID BW AGENTS 

I . INTRODUCTION 

GenP.rll .Milia, Inc. has completed the thi.rtftenth quarter of work under 
contract DA·18-064-CML·2'145 with the U.S. Army Biological Laboratoriee. 
This document reporte the progress durinl( this paat quarter on the continuing 
work related to the dissemination of solid llJld Uquid BW apnta. The program 
covers work areas rangine from experimental and theoretical studies of the 
properties of finely-divided solids to fliiht teats witb full-scale airborne spray 
tanka. 

A variety of dry powders are bej!JI used in the experimental work. Some, 
such aa talc, powdered milk, saccharin. powdered ausar and cornstarch, ~are 

nonbiolOflcal simulanta which are readily available and relatively inexpensive. 
Much valuable information has been obtained With these materials. The biolol:f.
cal eimulants, Serratia marceacena (Sm) and baccllus globilfi <!!(). have also 
been used extensively but generally only after techniques and equipment have 
been developed with the nonbiological aimulants. Some of the recent work has 
been done with dried egg albumin, dried egg embryo simulant, and a special, 
low-density!(. 

Information derived from the study of the properties of powder• ha• been 
valuable in tlle clevelopment ol the E-·U spray tank for line-eource dissemination 
of dry solid BW agents. With the completion of the second 11:·41 in August, two 
of the .. units are now available for us• in the BW field teat procram. One ia 
preaently at Et!tn AFB for flight tests on the F-lOOD and F·105 airplane•. 
The other will be used in the flight teats u.ing a Mohawk airplane flying out of 
t.he Patuxent River Naval Air Test Center. 

1-1 

aSPY····, a 

DECLASSIFIED IN FULL 
Authority: iO 13526 
Chief. Records & NBR'ilr· WHS 
Date: APR l ~ lUlJ 

i 
I 

I 
t 
1 
J 

l 



I. 

2. STUDIES OF THE FUNDAMENTAL BEHAVIOR OF DRY POWDERS 

A program of study ls underway to characterize the behavioro! powders 
in the uncompacted state, their behavior during compaction, their behavior 
ln dispersion and in aerosol decay. Such a study should yield information rela• 
ti ve to the manufacture, handling, and dissemination of bulk powders. During 
the current quarter we have examined the tensile atrength or powders as a 
function ot bulk density and of particle size, studied the poaaible effects o! 
preshearint powders prior to performini the ahear•strenetJl test, and deter· 
mined the shear strengths oC a number of powders in comparison with their 
compaction propP.rdes. The particle shapes and particle rugoaltiel of a number 
of powders have be~m determined, In addition, a new apparatus, the "Powder 
Resistometer", is now being used t·:> measure the interparticle resistance to 
flow in a bed of loose powder. It iB gratf!ying to find good cl)rrelation of the 
data from the various physical tests performed. 

~· 1 Behavior ot Powc!erl in the Compacted State 

2. 1. 1 Tensile Stre!'leth of Compacted Powder1 

As the particle sue ol a powder is reduced, the powder become• in· 
creasingly difficult to compact. This is a result of the increased number of 
interparticle contacts per unit cross section. To explore this more fully, the 
segmented column method was used to determine the tensile atrength of a 
number of powders u a function of bulk density and of particle size. Tensile 
data on powdered INgar and egg albumin are presented as examples of typical 
behavior of various powdE'J'r; ;.~·.'-:iier.l. The highly elastic powders auch as talc 
and dried egg embryo simulant have tensile strenatha too low to measure. 
Powdered sugar ia typical of the "well behaved" powders, u shown in Figure 
2. la. Powdered sugar aa well as the egg albumin (Figure 2. 2) shows a marked 
increase in tensile strenarth with decreasing particle eiZtt at a given bulk density. 
The tensile strength of the egg albumin rises more sharply with increasing bulk 
dP.nsity. In addition, the bulk tenaile strength appear• to be a !unction not only 
of the bulk density but of the compressive load used to obtain this bulk density. 
Obviously a different mec:hanism of compaction is involved here. 
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Auxiliary information routinely obtained in such a study is the variation of 

bulk density at various compressive loads tFigures 2. 3 and 2. 4), as well as the 

column capacity as a fur,ction of compresSive load (Figure 2. 5). This information 

is useful in comparing differences in degree of compaction and in understandina 

the mechanbms of compaction. Note the difference in mode of compaction of 

the two powders as shown in Figures 2. 3 and 2. 4. Figure 2. lb also includes a 

simple data recording to show the progressive decrease in tensile strength 

down the column of powder. The tensile strength of a powder at a given bulk 

donaity should relate qulte well to ita ease of dispersibUity. Additionally, it is 

pertinent to attempt to account for the dif!erenctta in variation of tensUe strength 

of powdered sugar and egg albumin in relation to other powder properties such 

as elaaticity, particle rugosity, and particle size and shape. 

2. 1. 2 Inatron Tensile Method 

The seemented-column tensile metnod has worked 110 effectively, we have 

adopted it as our standard method for meaaurlni the tensile strentth of powdt-rs. 

The Inatron tensile method, developed for comparative purposes, has been 

abandoned. 

2. 1. 3 Shear Strength o! Compacted Powders 

2. l. 3. l Method Study 

In our use of the sliding-disk method for the measurement of the shear 

strenith of powders it has been routine practice to preshear the powder prl.or to 

making the actual shear test. Thh was adopted in the pioneering stages of test 

de·relopment aa a workable procedure to obtain jOOd reproducible results. 

Since the shear-strength test component of our multipurpose test unit now 

yields good results even at low comprel8ive loads, a study was recently under~ 

taken to investigate the difference in shear strength o! a powder in the pre shear 

and nonpreahear case. It was found that the shear strength could be determined 

with eqUal accuracy in either cue. The shear strength in the nonpreahear case 

was uniformly lower thar. ~n the presbaar c&se. lnterestiniJ.y enouih. t.f the 
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disk was allowed to continue to shear followine the initial yield point, the shear 
strength ot the nonpreshear case would equilibrate at approximately the same 
level a1 the shear strenath in the preshear caae. Baaed upon this study and 
upon previous ~xperience with powders, it is believed that the values obtained 
f'rom the prelllhear case are more closely related to the compaction character
istics of powders. 

2. 1. 3. 2 Comparative Shear Strength of Powdt:rs 

In our shear strength studies we are interested in the shear strength ot 
a powder undergoina com~ctlon (compaction shear strength) and in the !hear 
strength ol the compactP.d state. The compaction shear atrength ia determined 
by abearin1 the powder under the same compre .. lvo lo~ta used to compact it. 
By contrast, the shear nrengt.h of the compacted state is determined by using 
a certain compresaive Coree to compact the powder to a given bulk density and 
then measuring its shear strength at successively lowe:r loads. The compres
sive force levels used are in the rani• of (0. 25 to 6) x 104 dynes/cm 2. The 
compaction ot a powder results in a change in the number and eneriY level ot 
the interparticle contacts, in cohesive strenjth, in mechanical interlockini 
ot particle~~, in plastic and/or elastic deformation of particles, and in an in
crease in the "atored up" elastic energy. When the shear strength or the 
compacted state is determined, the powder is compacted at a higher load and 
measured at a lower load as described above. 11, as the heaVier load is re
moved, the powder undergoes complete recovery, the shear strength would be 
identical to that of the lower load, and the two shear strength curves could be 
superimposed. Therefore, the difference in slope of the two plots becomes a 
measure of the cohesive atrenath and elastic-recovery properties or the powder. 
It has become routine practlce to record, !or comparative purposes, the com
paction 5hear strength and the shear strength of a powder precompacted at 
the highest load (6 x 104 dynea/cm 2). Typical examples of recent work are 
shown in Figures 2. 8 to 2. 10. It is informative to compare the two shear 
strengths individually as shown on Figures 2. ll and 2. 12. The comparative 
differences in three individual lots o! ~are shown in Figure a. 13. The 
correlation of these data. u well as the study of the three lots of Sm, will be 
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I I 
covered in greater detail in a later section of this report. Under propt:r con

dition• there appeara to be good correlation between compaction shear strength 

} . and other powder properties. 

t 2. 1. 4 Wall-Stre .. Distribution 
J. 

• The apparatus deaigned to measure the distribution ot stresses down the 
I 

l wall of the column of compacted powder has been outfitted with temperatu~·· 

j. 
r 
I 

compen~~&tinl atrain gaups, Thia apparatus is still of importance to our over

all atudy eftort. Work in this area has .. howf!ver, been substantially delayed 

. durinl this quarter due to work requirements tn other areas. 

2. 1, S CompacUon Characteristics or Powders 

2. 1. 5. 1 Dried Egc Embryo and Low-Density Bs 

Two new samples have been included in our studies. They are (1) a dried· 

eu embryo simulant, and (2) a low (bulk) ·density !!i simulant. Compaction 

data on these aamples as well as comparative data on Sm and !!J. are presentPd 

in Fipre 2. 14. As shown, the low-density !!I ia somewhat more diff'ic11lt to 

compact by a factor or 10. A more .::omplete discuasion ia cont!Uned i.n (allow· 

lni sections. 

2. l. 6 Compaction Characteristics in Compari110n with Other Powder 
Properties 

2. 1. 5. 1 EKC Embryo Simulant 

Thia material, prepared at Fort Detrick is a mixture of lactose. silica. 

and the soluble components of egg embryo, that has been subjected to a freeze· 

drying process. The resultant product is a nonhomogenoua rough-surfaced 

crystalline product (aa shown in mict·ographa presented in Section 3 or this 

report) with a particle density o! 1. 50 s/cc wd an MMD of 8. 2 microns. !t is 

a highly elastic substance and very difficult to compact. Preliminary c·.1.dcnce 
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indicate• that Ulia powder aeem• to loae ita ela~tlc chanC:ter when compacted 
to a bifb de1ree. Tbit may result from the breakdown of the pu1icJe1 made up 
ot IUbmicronapberea. (i'lpe 3. 8 - 3. 13). Te.ta in our &e1'010l clsuaber lDdl
cate that tb11 forma a 8table aeroiiOl and appeaH not to preHnt IA7 ditflcultiet 
in that re.,.aat. Ita compaction lhear atrencth la lower than ou waa1d expect 
trom tbe tact that it it 10 difficult to compact; however, tbia empbuiz .. the 
importance of proper interpretation of data. Plottinl tbe thear ltrenatb u 
a function ot compreallive load 11 correct procedure, but care mUll be exer· 
ciaed wba theae data are uaed for comparlna a wide ranp of material•. 
Since the eg embryo ia ao difficult to compact. we an in fact abe&rinl a much 
lower-bulk density material at a pven compreseivelold. At the moment we 
tend to r .. trict ouraelv .. to makinl comparlaona between aim11ar powdere 
aucb u the three lota of !!!!_or between aampl .. havinf the aame particle me 
(to be dlacuaaed in tha followlnl aectiona). In the fUture and u time ~rmita 
con.tderabl;y mon work will be done utWzini particle den~ty, void volume, 
and looae-bulk den~ty in order to normalize the data 110 that more pnerallsed 
compariaona can be made. 

2. l. e. 2 Low·Den~ty B1 

Only ahear atrenath md compaction data are available to date tor tbta !&· 
Except tor betn1 aomewbat ditflcult to compect, it preaenta no obviouJ or 
unique problem•. 

2. 1. 8. 3 CbaracteriiUc• of Three Lot• ol Sm 

Three lou of Sm (3&2, 342, and Pool 7) have d11tinctly different compacUon 
chuacteriiUca, indicatinl dUfe.rencea in eue of di .. emination. We an ander
t&ld.nl 11 ttucly·in·deptb of tbeee materiala, not only becauae tbe determination 
ot the relative eaae ol diuemination 11 .... nual to tbe aoal• o1 tJda project 
bat to utilize tbia u a practical "teat cue" to demonatnte thM tlut tecbaiquea 
developed on tail project will, in fact, characteriu the behavior ot powder• 
1n a meaninJ(ul way, ao that the varloua powder pl'Opertiel m~ be intelllpntly 
interrelated. 
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The compaction cha:racteri.Ucs of the three ~samples e.re shown in 

Figure a. 15. Sample 362, !or example, is more difficult by a f&e11)r of 10 to 
compact to the same bulk density u Pool 7. This me~ that wheu di11eminated 
at the same energy level, a smaller payload is permiJIIible with lot sn. The 
moiature content• of the three samples are: 

Sample 

Sm 352 
!!!!. 342 

~Pool7 

MoiatW'e 
(percent) 

2. 78 

2.58 

4.46 

BioloJlcal materials are considered relatively stable 'Nith moisture contents 
below five percent. Becauae tbia is not a aharp cutoU point. the moisture con
tent Cit 4. 48 percent for Pool T is inc:llcative ot a poesible structural dilference 
due to viabllit;yloa•••· To study the poslible effects of the moilture, the 

samples werfil dried and compacted u shown in ll'i,uret 2.18, Z.17, and 2. 18. 
Plot A is for the oripnal aample, plot B repro ~enta sample vacuum-dried 24 
houra at 50 C, and iD plot C, the .. mple waa vacuum-dried 122 hour• at 114 C, 
reclucin1 the!!!! viability to near zero. Whitby aize-~~nalysls data for theee 
~ample• are as follows: 

Plot 
A B £. 

Sample MM!? ~ MM!!. ~ ~ !!j 

§m. 352 4.9 1. 88 ~.0 1. 72 •.. a 1.79 
Sm 343 5.3 1. 83 7. 4 1. 83 t. 9 1. 80 
~Poo17 8. 2 1. 88 8. 4 1. 75 8.4 1.60 

The particle dena:Ltlea of the original eamplee were: 

Sample 

Sm 352 

~342 

!!m_ Pool 7 

3-20 

Particle Denait7 
Cr/cc) 

1. 38 

1. 38 

1. 37 
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Aa the data show, the samples become increasingly easy to compact as the 

dryinl process is continued. Oryina conditions represented by Plot B, Pool 7 

did not produce as pronounced an effect since there was more water to remove. 

A close examination of the plots indicates that the shift in compaction charac

teristic• was somewhat different with sample 342. The interesting point here 

is that when these three samples were vacuum-dried, Pool 7 and 352 retained 

their free-'fiowins cbaracterlstics, whereas the 342 sample caked badly on 

dryln~ thus indicating the possibility of a residual impurity remainin& in this 

sample. To obtain a measure of the relative roughness of the surface of the 

particles, the rugo1itie1 (discu .. ed later in this report) were determined on 

three powders. As would be expected, the ruaoaitiea of the powdere increased 

·with increasina difficulty to compact. Another interesting point ts that Pool 7 

wa• aomewhat more difficult to compact than would be eJCpected from MMD. 

Pool 7 had unusually high moieture content and wae the only powder found to be 

somewhat porou1 --further evidence that some structural chan1e may have 

taken place. A comparison of the compaction shear data reported earlier in 

this report with the compaction data given here thowa a direct correlation be

tween increaein& compaction-shear strength and increasing difficulty to com

pact. The differenceaobaerved here are all self-conaistent and logical in the 

liaht of the real <litferencee in the samplea themeelvea. 

2. 1. 8. 4 Comparison of Samples Havtna the Same MMD 

In tbe previous section a study of the compaction characteristic• of three 

j . loti of the same type of powder was made. In contrast to this, a study was 

recently completed in cooperation with another project in which three powders, 
I. 
I 
I 

all 12 microns in diameter, were compared. The three powders were (1) spray

dried (soluble) saccharin -- a spherical powder with a relatively rough 11\lrface .. 

(2) ground (insoluble) saccharin -- irregular in shape. and (3) cornstarch -· 

not completely spherical but quite smooth-surfaced. The compactton, tenalle 

strength, and shear strength characteristics obtained to date are summarized 

tn Fteuru 2. 19 through 2. 24. Preliminary tensile strenath data on the ground 

saccharin ta shown by the broken line in FijUre 2. 20. Aiain there appears to be 

I a direct correlation between increasing tensile strength, increaai.ng compaction-
!. I 

shear atrength, and increalinl difficulty to compact. It should be kept in mind 

2-2~ 
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that the compaction forces to be compared with shear data are represented by 

the lowe!" portion of the compaction iraph. 

2. 2 Behavior of Powders in the Uncompacted State 

The characteriatic behavior of loose powders continues to be of interest 
in relation to the dillemination of aolid agents. Thia information is of im
portance to predict the handling characteriatlcs of the powder prior to com
paction. In addition, some of the more fundamental powder properties are 
more readily evaluated in thie etate. A Powder Resiatometer, recently de
etaned and built in Utia laboratory, measures the interparticle resistance to 
flow in a bed of loose powder. The tollowing sections describe our recent 
ettorta in this area. 

2. 2.1 Powder Reaiatometer 

The apparatus ahown in Piaures 2. 35 and 2. 28 ut11izea a atram aau1e and 
recorcHnc ayatem to meaaure the resiatance to uni!orm movement of a aeo
metrtc:&l shape drawn throuah the bed of powder. As the probe moves throu1b 
the bed, a wectae of powder (e. I·, a cone if the probe ia circular) quickly forma 
in front of the probe. Thus, the force measured 11 the ruistanee to now of 
powder particle &lalnalt pqwder particle. 

The powder beds are eantained in removable trays permitting the efficient 
atuciy of a number of powders preconditioned Jimultaneoualy in a controlled 
environment. The dimensions of the powdu bed were kept small to reduce the 
amount ot powder required per run and to permit efrtcient operation oft~ 
apparatu within the conft~H~a of an iaolaUon lab. The powder bed haa a depth 
of a em and a width of 10 em. Tbe probe travels a distance of about 50 em 
at a uniform rate of 2 em per second. 

In a typical :nan. the force increues rapidly ( 6 ·1 0 see) u the wedie of 
powder forma and then remains relatively constant for the remainder of the 
run. The rapid rise in force at the end of the run should be disregarded aince 
it ia a result of the powder being forced asainat the end of the tray. AmpUtude
va-time coordinates are then obtained directly from the recorder chart. 
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S'nce these coordinatea are directly proportional to diatance versu• force, the 

3elecUon is one of convenience of cbt11 handllnf. 

An examination of the sample charta presented in Ftaure 3. 27 reveal.a 

that the motion through the powder is not a continuing but rather a 11 slip-stick" 

effect. This effect is a function of the powder property and tht nature of the 

force application via the cantllever beam. As the probe move• throuch the 

bed of powder, the Ioree increases until the wed~ of powder ia caused to 

move through the bed. This yield point, of grMtP.st interest to us, ia repre· 

sented by the upper envelope of pointe on the recorder chart. Since the probe 

momentarily moves forward at a rate faster than that of the carriage, the 

recorded force drops quickly. As the probe conttnl.lea to move forward, the 

force again builds up to another yield point. The data recorded Cor each run 

include the equilibrium yield force and the frequency of oscillation. 

2. 2.1. 1 P-r:lliminary Tests 

A aerie• of preliminary tests was run to determine: 

1. The criteria necessary to obtain reproducible results, 
2. The differences which would result !rom changes in the geometrical 

shape of the probe. 

In order to determine any effect of geometry, probes were constructed 

having circwar, 1quare, and triangular shapes, but with equal cro81 sectional 

arca~J. Two sets were made, one with four times the cross sectional area of 

the other. 

As a recrult of this preliminary sertes, the tollowinf concluaions were 

made: 

1. 

2. 
3. 

A bed of loose powder can be prepared in a reproducible manner 
for this test by simply stirring thorouahly with a alau rod. 
A bed of powder can be used for more than one test. 
Within experimental limits the forces measured are dependent upon the 
cross sectional area of the probe, but independent ol ita geometry. 
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Figure Z. Z7 Sample Recorder Chart• from Powder Reetetometer 
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2. 2.1. 2 Experimental RE'sUlts 

1n order to obtain accur"ate comparative dat.a, the apparatus was enclosed 

in an isolator laboratory where precise environmental control is possible. The 

large circular probe (diameter • 3. 4 em) wa.s selected for use for the entire 

series. The data are presented in Figure 2. 28 and Table a 2, 1. and 2. 3. FiKure 

2. 28, a graph ot the resistive force versus time for a number of powders, shows 

the dramatic differences in .O.ow n::lfiat.flr.nctt b~tween the powders studied. Four

teen runs were made on each powder; the amplitude at corresponding times is 

shown in Table 2. l, For a measure of the reproducibiJity of the test series, 

the average deviations are listed at 1, 8, 16 and 24 seconds. 

The equilibrium resistance R , the yield frequency {f ) and other pertinent 
eq Y 

data on the powders atud~ed are summarized in Table 2. 2. 

2. 2. l. 3 Conclusions and Recommendations for Future Work 

The powder resistometer shows great promise in measuring, with sensitivity, 

fundamental properties of bulk powders. In addition to yieldinr comparative in

formation on a wide range of powders, the apparatus wUl be used to study the 

effects of varying degrees of agglomeration and precompaction of a given powder. 

Furthermore, the apparatus will be used to effect.ively meuure the enhancement 

in !low characteristics accomplished by the use of additivP.s (Cab-o-Sil, for 

example). 
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Figure 2. 28 Int~rparticle Resistance to Flow Measurements 
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* Table 2.1 Amplitude versus Time Du.ta. from Powder .R.esistometer 

~~ I Po=:ed Corustarchy~-- Sac~+~~~~ale -LE!g~" 
0.!) 20& 206 I 168 I 134 140 46 I 52 l 12 

1 1252~30 1241::t:10 ll89:t5 1154:!::10 i 16'l:H3 55:t5 ~ 60:!3 15±1 

2 311 283 220 189 ! 195 64 I '70 I 19 

4 I 3"17 I 335 I 259 I 225 219 84 85 
1 23 

. 
. 

6 1407 ! 362 280 I 240 230 I 95 
94 : 25 

8 I 428 :t 10 I 3'18 ± 10 ! 291 :t 5 254 :i:: 10 : 231 ± 10 101 ±3 ! 101 ± 2 27 :t l 

10 '428 1389 I 299 I 2£.9 l 234 I 109 \106 28 
I I 112 "' ' 

I 
233 t 109 28 

I 
I 12 1432 396 303 . 265 ! 

w I I 398 
co 

14 431 I 30!} I 267 I 229 I 114 1111 : 28 

I 

16 I 427 ::t: 15 I 399 ::t: 5 I 311 ;!; 10 I 273 ::t: 10 I 226 ±10 I 115 ::t:3 \1132::4 28 * 1 

18 /428 I 398 i 313 I 2'14 l 225 
i 116 ! 113 1 27 

I ! 
; 28 

20 1425 I 396 I 315 I 277 22& 11'1 1114 

o-:o-o 
I»> CD~ S~< 

I 
22 1429 l 394 i 319 

1
280 I 233 1116 !115 ; 20 

.. me·ca 
119 ± 5 i 29 * 1 O~i ! p -!.a; 24 446 * 15 389 ± 1 331 * 10 288 *15 241 :t:'l 119±5 

L1 ~0~ 
;;o ~ i- :;- I 25 I 477 I 406 I 361 I 318 I - - J 131 1128 ! 33 

- - Ql "*" CAl ;u ~ • oo I 26 
~g.pg 
r-.;:, i! ~ c 
<::::;) • ::r :::1 * ~til(/)~ Amplitude gi-.·en is in unit& of lines deflection where one line is equal to 0. 4 g • 
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Table 2. 2 Summary of Data on Powder Resistometer Study 

Density Den•itY 
MMD* Powder R fy (Bulk) (Particle) 

eq 

Albumin 430 8.9 0.53 1. 30 180 \ 

Po•.vdered Milk 400 9.3 0.51 l. 30 33 

Cornstarch 315 10.9 0.43 l. 50 lZ 
' 

Powdered Suaar I 275 13.4 0.53 L 59 
l --
I, 

Saccharin 230 14. 1 0,25 1. 42 4. 8 l 
Saccharin 118 15.4 0,22 1. 42 4.8 i 

I 
1, Cab-o-SU 

Talc 115 15.7 0. 16 2. 72 3,4 

Embryo 28 17.9 

I 
0,06 1. 50 8.2 

* MMD data for- ega embryo wu furnished by Fore Det:rich--all other MMD' a 
were determined (Whitby Method} in thia laboratory. 
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3. PHYSICAL AND CHEMICAL CHARACTERISTICS OF THB POWDER PAR'nCLE 

The fundamental behaviozo of particulate material 111 determined by the nature 

of the inter-molecular torcea exSatinl at area• ol contact between particle•. The 

number and character of auah comacta Ia directly related to the nature of the 

aurfaeea of the powder particlea. Durtna tbe current quarter, the tc:atal surface 

areaa of •11 albumin and three lots of~ were determined, a method for deter· 

miJlinl tbe mieropore .tructure of powders waa explored, and the particle shape 

of a new •a embryo elmulant wae inveatitated by the 11ae of an electron micro· 

scope, 

3, 1 Total Surface Area 

The BBT adeorptton method waa uaed to meuure the total aurface aMu for 

•11 albumin ud three ,!!!laamplea: ~ 352, Sm 342 and Pool T. By U\ia 

method the quantity of IU neceaaary to form a mono-layer on the aur!ace of 

the putiole ia determined, B)' aaaumint a value for the area covered by a 

afnlle molecule, the area of eurface covered by the adaorbed aaa it then ell· 

culated. For thia determination to be made accurately, St ia nece1 .. ry that 

all adtorbecllmpurlU•• be removed h'om the particle Jurtace. Tbit 11 ac· 

compllahed earlJ in tbe procedure by a 11depallftl" proce11. J'IU'thennore, 

the •ample muat remain 1table under the de1u cortditlcnl, otberwi,. the 

ruult.nt decompo•ition leada to incorrect 1urtace areaa. 

Ltkt taccbarln, wheD •11 albumin and §m are heated tao b1fh in a vacuum, 

1ome decomP"iUan doe1 occur. B11t unlike aaocharift, til albumin and!!!!. 

do not dtcompo1e in a abnple manner (e.,., aublima~!.;n tor aacchariJl), but 

by a complex proce •• ot protein fl"apntntation. Becauat ot the complex 

lb'uature of protetna, there ta no cliattnct temperamre at which decompoattion 

btfilll, for 1uoh occun, to aomt extent, at any htatinr temJMrature. 

In the decate1q proc .. a Ute major contaminant 11 water. Water ia not 

only aorbecl• on the 1urface but alto abe orbed throuthout U\e entire particle. 

*A non-committal ttrm includGil both adaorpUon and ~b•orptton 
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Even the water on the surface ts held by bonds varying !rom weak van der Waals' 

!or-ces to strong hydrogen bonds. lf the degas temperature is too high the hydrogen 
bonds in the protein molecule itself will begin to break down. 

When the aforementioned criterion of instability is applied to "natural 
materials" which, in addition to the protein materials, include. materials 
like cornstarch and powdered milk, a false impression may be eiven of wben 

the degassed state is reached. "Natural materials" degassed at given tem
peratures will reach a stable area when aU the bonds corresponding to that 
temperature have been broken. Increasing the temperature will cause the area 
to stabilize at a new and higher value. Therefore, the surface area will stabilize 
at any pven temperature when the surface area is proportional to the tem
perature. 

With material of simple structure, the area will increase with tempera
ture ae more contaminants are removed. :eventually, however, a temperature 
will be reached when the surface area keeps increasing, thu1 showing that 

some decomposition is occurrinf. This phenomenon will continue until the 

material is entirely decomposed. ln contrast, saccharin would disappear by 

sublimation. 

The adsorption isotherm of w11ter may give insiaht as to when the de
gasaed state has been reached. As long as only absorbed water has been 
removed by the degassing procedure (not water that is part of the structure), 
the re-absorption isotherm Will not change in shape -- only be ..Uaplaced 
upward as more abeorbed water is removed. Any decomposition or removal 
of water that is part of the structure will change the mechanism of absorption 
and, therefore, the shape of th9 isotherm. This concept is similar to the 

concept used by Makower et al. (l) 

Thus the success o1 the BET method depends, in part, upon supplying 

enough eneray to remove surface impurities but insufficient to decompose 
the sample. Usuall)' there is sufficient difference in these en~rgy levels that 

an ettective operational range canoe established. In our surface-area 
determination& of these natural materials, degas conditioxa of room tem

perature and under vacuum are satisfactory. 
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3.1. 1 Egg Albumin 

Figures 3.1 and 3. 2 $how the BET analysis and a complete isotherm for 

egg albumin. From .Fieure 3.1 the lack of hyaterttsi• indicatea a neJllgible pore 

structure. (The pore-size distribution shown in l<~taure 3. 1 confirms this by 

showing only a small bump.) The egg albumin used had a Whitby MMD • 4. s jJ. 
and «1 g • 1. 57. The BET su,rface are :a • 2. -45 m2 / g :t 7 percent, corresponding 

to a rugosity of 2. 30 (Table 3.1). Within experimental error, this correspond!l 

to the rugosity of saccharin. 

The temperature for degusing was 136 F and the degassing time had to be 

at least 24 hours. A degas temperature of 186 F increased the surface area to 

2. 9 m 2/gm. A test must be made at room temperature; however, little change 

in the area is expected, since increasing to 186 F produced such a small change. 

3.1.2 Sm 

The biological nature of Sm introduces another variable Into surface area 

measurements. The correlation between change in surface with change in 

viability is uncertain. Nonetheless, testa are conducted to keep viability 

losaea minimal. The hilh vacuum imposed may contribute to some lou of 

viability. Spoor-formers have been found to survive with little or no dest.ruc-
··2 tion after 35 days at 10 mm Hg at room temperat\u·e. Sm is not a 11poor-

former, but~ is. Me»ophillc aerobes, of which Sm i.s an example, were 

found in one study to have a 30. 4-percent survival rate when exposed to high 

vacuums at 40 C for five days. (Z) These conditions are much harsher than 

degassing at room temperature (25 C) for, at most, two days. Thus, survival 

rate should be much better than 30 percent durir.g the del{ua:lna cycle. The 

adsorption cycle shoLU.d have no effect on Sm inasmuch as cold stora.ae is used 

to preserve it. 

The treatment of Sm during the test is outlined as follows: 
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~ . 

(l) 
(3) 

( 3) 

(4) 

(5) 
(8) 
(7) 

Remove sample from Creezer 
Place for 1 - 1-112 hours in warm-up to room temperature while 
sealed 
Withdraw approximately o. 5 g sample and reseal sample vial, {Time 
for step - 47 minutes) 
Transfer sample bucket to adaorption apparatua and atart slow 
evacuation at room temperature 
Return sample vial to freezer (Total exposure 1-1/2 - 2 hours) 
Attain degassinc vacuum in about 46 mtnut~s 
Follow from here, normal adsorption procedure 

Two Sm 352 and Sm 342 samplea were tuted but only one~ Pool 7 sample. 

Although no definite trends w~tre noted by a single warm-up, it is qui~ cert.ain 

tbat repeated warm-ups will cause some uniform biolo(ical degradation. 

Fi11ures 3. 3, 3, 4, 3. 5 and 3. 8 show results of the BET analysis and t.he 

complete isotherms for the three ~ se.mples. Increasing surface area followed 

in order of decreasing particle size (Table 3, :.~: 7 ,41J ·- Sm 342 had an area • 

1. 99 m 3g, 6. 41J --Pool 7 had an area • 2 •. 'J4 m 2/g, and 5~ -- Sm 352 had an 

area • 3.14 m 2 /g. The rugosities, in the order of increasini dUficul~y to 

compact, (3) are easiest-- Pool 7, rugosity • 2. 93; medium -- Sm 342, 

rugosity • 3. 01, and hardest •- Sm 352. rugosity • 3. 08. 

Theoretically, rugosity (which is a measure of particle roughness.', 

should be proportional to the ease o! compac•.ion. 

~ate rial 

Sm 342 

.§m 352 

Sm Pool 7 

Egg Albumin 

Saccharin 

Table 3,1 Surface Data 

BET Area m 2 /an 

1. 99 :i: 81o 

3.14:!:: 51o 

2.34:i: 7'7o 

2. 45:!:: 7~ 

1. 53 :!:: 71o 

Particle Size 

MMD 

7.4 

5. 0 

6.4 

4.8 

6.9 

3-6 

og Rugosi~y 

1. 63 J. 01 

1. 72 3.08 

1. 75 2.93 

1. 57 2. 30 

1. 45 2.30 
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The comparison of the ~·s to eu albumin and saccharin reveal• 1ome 

intereltt.ng di!ferencea. The ru1ositles for the Sm's are hi1her than the ru101ity 

!or •11 albumin. CompariJ11 the pore• size diatributiof18, Ftgurea 3. 1 and 3. 8 

reveal only minor differences. Tbia means that ( 1) the Micro-pore ltructure 

of Sm is more exten.ive than e11 albumin or (2) that Sm is more 1rre1u1ar or 

(3) Sm has more finu or (more likely) combines all three factors. The argu· 

ment that Sm haa more fine, rece1ve1 10me support rrom a comparison of 

a a·- a meuure of the spread of particle aiaea. Since Sm has a 1ar1e a I• this 

mean. it baa a wider ranae of larger and smaller particles and, since small 

particlea contribute much to the surface area, 1t is expected that a particle· 

e~ize di.tributfon with the larcer a 1 should exhibit the areater surface area. 

From the BET plots, Figures 3. f, 3. 5, 3. 8 and Fieure 3. 2, we aee another 

difference between §m. and eu albumin. The •11 albumin is a typical plot With 

a amall intercept (0. U8) and the range oi the BET equation is 0. 1 to 0. 3; 

whereas Sm has a large intercept (0. 8) and the range of the BET equation ia 

0.18 to 0. 36. II we look at the value of C from the BET equ•Uon: 

V(l-P/P 
0

) 

C-l 
•- +- P/P

0 vmc vmc 

which ia related to the averaee heat of adsorption of the first layer, by 

C • exp ----
RT 

where 

E 1 • averaae heat of adaorption of the first layer 

E2 • heat of condenaatlon 

R • a•• coru~tant 
T • temperature of adaorpt1on 
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For comparison purposes it la more convenient to uae Bnet • E1 - £ 2 acd the 

equation 1n the form 

C • 1!:
0
et/RT 

If we calculate C for eg alb\amlll ud !m_, we 1•t appraxlmate values 

cEA N 200 and, c~ • 20 

This means that Bnet for eiJ albumin 11 approximately twice as large as 

Enet !or Sm. Or, in ather words, the Sm surface t. onl1 one-half u active 
towards adsorption u •u albumin. Tbt. explains why the Sm eurface ta so 
slow in becomiftl cO¥ertd. 

However, 11 •111 albumiftla treese-dried, <•) it has the same general t,-pe 
of adsorption aa freeze-dried ~ witb V m occurr1n1 at a P /P 

0 
• ( 0..2 with a 

ranae extenc:l1nl much pan o. 3). Thla indicates that mode of preparation has 

a great influence on 1urface characteristics. 

3. 2 Porosity of the Powder Parti~ 

When total surface uea measurements are made, the nitrogen monolayer 
fonna not only on the ext~rnal lurface of the perttele but on the internal 
pores, aa well. Thus, to obtain an external aurface area which can be re

lated to the physical behavior of the powder, a measure of the pore volume of 
the powder must be obtained. In addition. the porosity of a powder is of 
1ntereat With reference to ldnetics of adsorption, as well as the structural 
atreftlth of the powder particle. Durifta thl• quarter, we have explored a 
method !or determining the microporous atructW'e of powder a. Determination 
o1 macropore volumes wm be inveatipted at a later date. 

3. 2.1 Micropore Structure 

An 1nv••t1aat1on wu conducted to determine the extent of microporous 
0 

structure, pore• with diametera up to 300 A, in the materials under con· 

side ration in thia atudy. The ittotesUption did not inclW4de all the powdeu 
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but .enDUih w~u 1tuclied to indicate t:remb. Of the powder a atudied# it waa 

•hown tbat only talc hacl aome mi.c:ropou at:ructu:re aad. for che moll part, 

the other powde'l'l have neal\pble rnicropore ltructure. 

Detennlnina pore 1tnac:ture of catalyat• h&e nceiveci much attention in 

induatJ'Y. The hbtory of the method• of application of a.daorptton ieotberma 

of nitrogen to thia problem ha• been reviewed by Wheeler.{$) The develop

ment preeente<l he:re involvu the .Barrett, Joyner, and Hallenda method ·

a• modified by Wheeler (51 and the Cran1ton and lnkley(&) metbo<l. 

At any polnt on an ad1orption or dUOJ'Ption i1otherm, tbe amount adaorbed. 

V a' ia compoaed o£ the amount adsorbed by capillary c:ondenaation, V c' and the 

amount adaorbed on the walla of pona not filled by capiliary condeneation, by 

tnultilayer adsorption (V ) or m 

v • v + v a c m 
(1} 

Another way to aay thia ia the total pore volume, V , not filled by ad•or·bed 
I 

ga••• would be the volume of the pous with radii laraer than filled by 

capillary condenaatton, R , not filled by the adsorbed multilayer or, 
c 

• 
V - V : J V(l\) dR. 

I a 
Rc 

wnere: V(R) is the volwne of pore• not filled by the adsorbed mulcllayer 

whoae radiua ia R. 

One method expreued V(P.} in term• of tile pore-•ize dbtribution 

L(R}, the lenath of pore a o( radlu1 R. ( S) or: 

• 
V 1 • V a:: [ •IP. • t{Rc})z L(R.) dR 

c 

IZI 

l-lS Page detannined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13~26. Section 3.5 

Date: .~PR 1 2 2013 ~-



L 
j 

l. 

( ... 

1 

t 

I 

where t(R ) = thicknen of adsorbed multilayer correspondinf to the preuure 

needed tocfill a pore of radiua R by capillary condensation. 
c 

Cranston and Inkley corrected the tota.l pore volwne of pores of radiua R 

for the adsorbed multilayer to aive the willed portion((,) or: 

(4) 

To solve, we have to differentiate with re1pect to P.. 

ferentiala, Equation (3) becomu 

Putting into dif-

• 
d tR 1 [R- t(Rcl] L(R) diR) 

c R 
c 

and Equation (4) becomes 

Theee are ''Volterra Equations o! the First Kind'' solved by iterative metboda 

of a11umin1 functions of L(R) or V (R). (?l 
I 

Various approximation methoda have been employed in the past to circum-

vent the mathematical difficulties in such a. development, The approximations 

o! the Cranston and Inkley method are noted in the !ollowir:g sections. 

Cranston and Inkley divided the ilotherm into a finite number of step• 
c 

stopping at an arbitrari.ly chosen la.raest pore diameter of 300 A. At a.ny 

interval, changing the pressure results ln a chan11e in the amou.nt adsorbed, 

V l z• which is given by inte~rating Equation (6) from R1 to Rz ·- the range 

of critical radii involved, or: 

" !he radius of the pore just filled at any pressure is 
compo11ed of two term a: the radius calculated by the 
Kelvin Equation, and the thickneaa of the adsorbed 
multil&yer, t, or Rc = ~ + t. 
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(7) 

where {2R • ta
1 

- ta
2

> is the average radius of the empty space as the thickness 

or the adaorbed layer decreaaea from ta to t.a . 
1 2 

Then by assuming V ,}Rc) as const•nt in each range of intevauon and equal 

to the average value V 12t(R2 - .a1 ), where V 12 equals the total pore volume 

between pores of radiu. R1 and R2, and by replacing integration by summatton 

up to R max using median values in each step, the workinr equation evolves 

v,. • a,. ru- k\2 

R max 

~ 
R2 -+1/2AR 

where 

R2. Rl 
kl2 

R.12 • JR: tl2 2 
(R- ta > 

1 dR 

Rl R2 

R - tl2 Va•~ IB\ 

2R2 

.. 4(t2 - tl) 
1 

·-(t +t2) 
2 l ' 
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In terme o! diameter 

Equation (9) wu applied to our desorption data for talc, saccharin, egg 

albumin, and three Sm samples using the Cranston and Inkley technique. 

Resultl 

(9) 

Re111lt1 o! the micropore analyaia for talc, aaccharin, egg albumin, Sm 352, 

Sm 3-42, and Pool 7 -- to1ether with the pore-size distribution for a catalyst from 

Cranator1 and Inkley -- are presented in Figures 3. 7 and 3. 8. Adsorption data 

for talc and saccharin were reported earlier, (S) Data !or eg1 albumin and Sm 

appear elsewhere in this report. 

From the curves, we see immediately that none or the powders, with the 

possible exception of talc, is porous when compared to a hiahly porous catalystlc 

material. Even talc is not very porous when we compare the volumP. of the moat 

common pores. Talc's volume of the moat common pore is two orders of 

magnitude less than that for the catalyst. From these tacts we can say the 

powders have negligible mtcropore structure when compared with hilhlY porous 

c1\talytic materials. 

If the powders had only a limited micropore structure, it would be expected 

that strange distributions woultf be obtained. This ia the case for all powders, 

because the rapid upturn of the distributions indicates a large number of small 

pores. This would be •linlficant were it not that the model beifna to break 

down in the region of amall porea, whereupon strange rP.aults are to be 

~xpected. 

Since there is not a micropore structure sufficiently ext~nsive to be 

measured by pore-size analysis methode, there suri!":Ly are not enough 
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micrnpores to a!fect other physical propertiu, such as compaction, An indi· 

cater of the presence of micropore structure would be the rougbneu !actor, 

B~T arWD" . I£ the roughneu factor i• not at least 10-lS, it can be 
area rom 
assumed Lhat the micropore structure is negliaible. 

A roughness f&e;tor a( l. 0 would be expected only for smooth spherical 

p;trticl~s. Buch as glua spheru or ball bearinJ•· Roughness {ac.tors, greater 

than 1. 0 indicate that, in addition tu being nonepherical, there may be some 
• 

macropore structure. These are poree ireater than 300 A diameter. The 

largest macroporea would be those a!fectina compaction characteristics. A 

pouible method for investlgation mac ropore structure would be the merc•uy 

porosimeter method of Rilter and Drake. (9) 

Although caro~ must be exercised in the interpretation o£ these curves, it 
• 

~huuld be noted that Pool 7 exhibits a small hump at about l 00 A, while talc . 
and egg albumin exhibit humps il'l the 30-50 A diameter range. In all cases 1t 

11hould be noted that the analysil fail• eoon a!ter a hump has been reached. In 

the case of ~'s, it is sooner than for egg albumin, talc and saccharin, This 

fact is in direct relation when the monolayer formed; ~·· monolaye-r forms 

much later than that ot talc, etc:. ~ forma at a. PIP :: 0. Z., while the others 

form at a P/P ~ 0. 1. 

3. 3 Partide Shape of Dried Egg Embryo Simul.:lnt 

The electron micro!lcope and light microscope ·.~o·cre used to determine the 

particle shape o! a new material, drted eaJ embryo !limulant. This material 

is a mixture of silica, lactose. a.nd the water -soluble extract of egg embryo 

that haa undergone a freeze-drying proc:eu. Micrographs taken during this 

study are $hown in Figures 3, 9 to 3. 13. FiJUre 3. 13 is a light micrograph 

r.howing the general composition of the material. Fi1ures l. 9 through 3. 12. 

are electromicrographs of the darker particles shown in Figure 3. 13. This 

!lirnulant is a nonhomogeneous material consistinl of a mixture of dtar 

crystals, of clear and opaque, a.nd 110me totally opaqu~ particles. The parti

cles ahown in the electromicrogra.pba are c:ompoaed basically of .submicron 

~phere!l. These spheres are probably silica, coated with lactose 
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Powder Dl"icd Egg E:-:1~:-::c 
----------~----~-----------------------------

- "1 . .._. tra.so:1-:.c Method of Dispe:-sion 
----------------~~-------------------

MagnificJ.tio:l See Scale 
--------~-------------------------------

:\!icrograph. Xo. 63-9-30 (Elec:ro::·l 
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Powder 

C~t:-a50:1ic Dis:'le:rsion i:1. Bu~v: Method of Dispersion 
------------------~------------~-------

Alcohol - Sora.yec on Crid 

~(agnifl~ation ____ S~e~e~5~c~a~2_e __________________________________ __ 

:\.!icrograph Xo. d-9-LS (E~ectron) 
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Powder __ D=-:.r..::.L..::e..::.d;_::E:..~:gu:g~E=-m=o=-r=-•::...:o..:_ ______________ _ 

~ e tho d of Di s per s ion __ ..:;:.U...:l..:;:.tr...:a::.::.s.;:.o..:..:n:.::.i..::c_D=-:.i..::.s..;:;o..::.e..:r....:s..::.i..::.o..:;.n;.....::i n:.:.....u;;;.0 ..;;.u:..;.t.!_y.:;_l __ _ 

Alcohol - Sprayed on Grid 

Magnification Se~> Scale -----------------------------
Micrograph No. 63-9-13 (Electron) 

Fig• ~ ~ ..1, ll Electron :--ficrog::-ap:'1 oi .::...gg Embry-o 
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Powder __ .:;D;.;:r:..:i:.:e:.:c::..· .:E::;g~g_E::::.;.::71:..:.::b:..:r..J.}:..:·o:.___ ______________ _ 

Method o! Dis per s:. o :1 __ _:l:.-.:..1 t:.;r:.a:::.:::s..::o:.:n..:.l:...:. c:_:D::..:.i..::s...;;?:...:e::.:.::.:s..:i.::.o:..:r.:.. • .:.i:..::1:_:3::...:u:.:tJ..y..:l __ _ 

Alcohol - So:-ayed 0:1 Gr:ci 

Magnification ___ S.:....:e...:e:.., _S:...:c..:a:.:l:.:e:_ ___________________ _ 

Micrograph -:\o. _ 63-9-15 (Electron} 

12 Elect:-on :\licrogra?h oi Egg Embryo 

3-23 

Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 

lAW EO 13~~,..:Seqio~3~13 
Date: It K l ..- LU 



""' • • 
•· 

• 

• • 
• 

•• 
• • 

• '--....' 
.-..... 

.. ~--r •. ~-... ~ .- ~<· 
. • ::· • . :; . 4.-

'! .4iu 
·~ ~ . . . 

-.c 
cr. 
:J 

Page determined to be Unclaaaifled 
Reviewed Chief, ROD, WHS 
lAW EO 13521!1, Section 3.5 

Date: APR 1 2 2013 

.! 



::~nd/or egg embryo. This egc embryo simulant la a highly elastic material 

uut appears to lose ita elaatic character when the sample 11 compacted to a 

high degree. ·rhi!il could be attributed to a possible breakdown of these sub

micron composites. 

j We are currently trying to determine, 111ore spec1tically. the compoatticn 

o! these particles. In addition, a shadow-casting apparatus baa just been 

installed which will aid in further elucidation ot the particle structures. 
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4. AEROSOL STUDIES 

In view of the importance of the eUect of humidity conditions upon aeroaol 

formation and deca1, a new aeries of nms is underway.. The operatinf proce

dures are the same u those used previcuuy except that conAdenbly more 

emphllail has been placed on humidity control £rom the preconditlonini of the 

powders to the precisely controlled chamber huuddity and in our emphasis 

upon repetition ol runs to supply a mCU"e secure data base. Alao included in 

this report are the conolwtini runs in a aeries atudyinl tbe eUects of injected 

positive ions on aerosol formation and decay. 

In Ute first section of this report, we diacuu the operatlna procedure in 

detail. Many of the points of procedure will be familiar from previous reports. 

The data obtained from this quarter's work, and comments on tb81e data, will 

be preaented in tbe folloWint aecti0Jl8. 

4. 1 Operating Procedure 

4.1. 1 !fandUnc of the Powder Samples 

Each of the aerosol runs conducted during this quarter involved 0.1-1 

sample of powder. Thne •ample. were prepared and conditioned in a standard 

manner as ducribed below: 

One-hundred * a mt portions of powder were weighed out from atoc.k and 

transferred to vial• tor humidity conditlonini. The vials were stored in a 

glove box for at lealt hvo days before use. Tbe humidity of the alove box is 

maintained oontlruaously at 0. 25 to 0. 75 i H20JM 3• Prior to a given aerosol 

run, the ewil'l disperser was placed in the ilove box and the powder sample 

tran8lerred into it. Ttt. diaper .. r was left in tbe lflove box !or one-half hour 

after which it wu aealed by placing corka in1he a•• porta; thereafter, it was 

removed from the glove box, and mounted on the aerosol chamber. The dry

nitrogen supply line was then cleared by a short burst of the gu -.ncS was sub

sequently connected to the disperser. The cork in the outlet port of the disperser 

w•s left in plaCG Wltil pushed aut by preaaure of the gas when the disp41rser was 

operated. 
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The amount of powder loat in transfer is estimated at less than 5 .rng; 

thus it is inalgnifieant. It should be mentioned that the weilhinl of powder 

samples takes place at room humidity condition. so that & certain part of the 

100 :t: 2 mt sample weight is moisture; however, this is removed in the sub

sequent humidity conditioning. 

4. 1. 2 Aerosol Chamber Humidity 

A careful account was kept of the humidity in the aerosol chamber. For 

the electroetatic·charae runs, which were conducted With the cttamber at room 

humidity, the procedure was to leave the chamber dooz- open for one-half hour 

pl"ior to each run so that the chambel' was well flushed with room air. The 

room humidity wu t~n read trom an infrared hygrometer and the chamber was 

sealed foz- running. 

The humidity ruJUJ were conducted In the same fashion aa l.n earlier work. 

Runs were made both at room humidity a.nd at low humidity. The latter chamber 

condition was obtained, aa before. by placing about 200 g of fresh molecular

sieve desalcant in the chamber and sealing, A copper tube was run from the 

chamber to the hygrometer, .so that the chamber air could be IJ&mpleci directly. 

To prevent a depletion of air in the chamber while sampling, dry nitropn wu 

admitted at a rate equal to the sampling rates (5 liters/min). The connection 

of the hygrometer to the chamber also permitted a more relevant measurement 

of the humidity when operattna at room conditiona. The humidity measurements 

were made just prior to each aerosol run. 

4, 1. 3 Standard Setting tor Lisht Source and Photomultiplier Amplifiers 

The procedure• uaed to ell8ure coll8tant·lntell8ity liflbt aource and constant 

amplilier iain will be described briefly. To check the amplifier iain, a radio· 

active standard lliht aource is placed in the aerosol chamber in a standard posi· 

tion so that it Uluminat:es the phototube·. The amplifier gain is then adjusted to 

yield a prescribed output (5. 0 units). The work1%11liiht·aource intensity is then 

!!h .. ~k .. rl J,y ple~in:: !!. Blake culture boUle tillell wit.h diotillaJ w•~l;#,. in • 1$ianclarcJ 
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position l.n which it scatters some light from the bulb into the phototube. The 

lamp >~ullage is then adjusted to yield a prescribed output (0. & units) at the 

amplifier. These checq were made at least once a day. 

It is found that, after several days of warm-up, both the amplifier gain 

and the light-source intensity are quite stable. The combined stabfiity of the 

two units is about -:!:3 percent. 

4.1. 4 Powder-Disperainc Procedure 

The sequence ot steps in starting an aerosol run has been described in 

earlier reports, but will be reviewed here for completenesa. In the electroatatic

charae runs, dry nitrogen ia jetted into the aerosol chamber !rom two diametric&lly 

opposed points - the one jet being the powder-dispersing jet and the other beilll 

the carrier gaa for the ton.. The ion carrier gal is ttarted lirat utd is adjusted 

to 30 psi (flow rate 0.18 1/sec). It is run tor 1 minute. The disperser wu 

operated at 130 psi for a 5-second interval starting 10 seconds subsequent to 

the start o!ion-carrier gas flow. The dlsperser flow rate is 1. 4 1/ sec. The 

above sequence, where the hifh voltage wa. not applied (so that oDly dry nitropn 

emeraed from the ionizer), waa called mode A. In mode B, the gaa flow aequence 

was the same as in mode A, but the hi&h voltage was applied !or a 10-second 

interval starting 5 secon~ prior to operation o! the disperser. Thus, in mode B, 

the powder sample wu dispersed into an atmosphere which had an abnormally 

high concentration of positive ions. In mode C, the gas-flow sequence waa 

apin the same but tbe high voltage was !lpplied Cor a 1 0-second interval. start· 

ing 30 secund1 aftp; v. ·• .. ation of the di1perser. In this 30-eecond interval the 

powder becomee uniformly dispersed in the aerosol chamber so that the ion• 

are injected into a preformed aerosol. 'l'he free ion current was approximately 

0. 3 microampere for thue runs. 

The humidity runs differed from mode A of the electrolltatic•charge run.e in 

that the ton carrier fa& was not turned on. Thus the runs of this category were 

initiated by operattne the powder diaperser !or a 5-aecond interval. The dis· 

perstng pressure here was 125 pat and the disperser flow rate was 1.44 1/sec. 
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The background light· scatterini signal was checked between each run. 

The residual aerosol from the preceding run was removed, either by allowing 

several hours for settling or b:y nushing the aerosol chamber with room air. 

The background was typically o. Olll to o. 025 units. 

4. 1. 5 Data Reduction 

The raw data from each aerosol run consist in a trace of the liiht· 

scattering signal on a Brown recorder chart. The scattered light riaes 

sharply from backaround sometime during the ~·second interval when tile 

disperser ia operated. An initial time is thus defined to within a few seconds. 

The signal at this initial Ume, however, is often not clearly defined. In !act, 

it ia clear !rom the traces that many aerosols do not achieve a thorough dis

persion untU 15 to 30 seconds have elapsed. Therefore, for purposes of data 

reduction, we have taken the initial time aa 1 minute after the operation of the 

diaperser. The data to be presented, then, pertain to the decay of those aerosols 

which exiated in the chamber 1 minute after operation of the disperser. 

The raw data !rom the Brown recorder charts were replotted in logarithmic 

normal form. It was found that, with a few exceptions, the data so plotted 

could be fit well with a straight line. The reduced data presented later in this 

report for each aerosol run consist of the followina three items: 

1. 

2. 

3. 

The initial a1gn&l amplitude (that is, the signal amplitude 1 minute 
atter operation of the disperser), 
The aerosol half-life (the time required for the sllflal to fall to 
50 percent of the initial signal), and 
A measure of the slope of the log-normal plots -- obtained by dividing 
the time corresponding to 16 percent, into that corresponding to 84 
percent. 

4,2 Experimental Work and R~ 

4.2.1 Powders 

The powdered materials studied in the present work were: 
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1. Talc, miatron vapor 
mass median diamete~: - 1. 75 lot geometric standard deviation - 1. 99~ot 

2. Saccharin, 81524 stock 
mus median diameter - 8. 9 j.L geometric standard deviation - 1, 58 lol 

3. Powdered Suaar (ground) 
mass median diameter - 5. 8 lot geometric standard deviation - l.Hiol 

4. Cornstarch 
mau median diameter - 12.2 lot geometric standard deviation - 1. 281J 

4. 2. 2 Humidity Runs 

As mentioned, some of the earlier work on the effects of chamber humidity 

on ae.roaul decay has been repeated. The procedure was improved in that the 

powder samples were carefully humidity- conditioned in a dry box (relative 

humidity 1 percent to 3 percent) before dispersing and that more care!ul meas

urements were made o!·c.:hamber humidity. The powders used in this study 

were talc, powdered sugar, and cornstarch. The reduced data !rom these runs 

are shown in Figures 4. 1, 4. 2, and 4. 3. Moat of these aerosol runs were done 

in triplicate and the data points in Fiiures 4. 1, 4. 2, and 4. 3 are collected into 

corresponding grou~s of three. Considerable scatter is in evidence, although 

remarkably, the runt pertonned at low-chamber humidity show better repro

ducibility than those at room humidity. 

Average values from the humidity rur1s are shown in the table below. 

Chamber 
Humidity. 

(g H20JM3) 

Powdered Susar 

average o! 3 runs 0.12 

a.verase of 3 runs 10.28 

~ 
average of 3 runs 0.19 

average of 3 runs 11.44 

Cornstarch 

aver-age of 3 runs 0.4 

average of 2 runs 10.7 

Initial Signal Aerosol 
Amplitude (arbi- Hal!-Li!e Slope 

trary units) 

0.979 
1. 086 

0.759 

1. 038 

0.091 

0.067 

4-5 

(min) Index 

3.69 27.0 

5.52 33.0 

4. 1 33.0 

8.2 39.3 

1. 04 12.8 

1. 12 13. 1 
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It is seen that talc is 1trikingly affected by chamber humidit.y. The half-life 

ia doubled in pasaina !rom low-chamber humidity to medium-chamber humidity. 

The ird.Ual aipal and the elope index are also coraiderably increased. The 

same chanpe, thouah less marked, occur !or powdered-sui&" aeroaola. In 

the case of oorn.8tarch, the hal!-U!e and slope index are barely affected by 

chanp o! humidity condition, but the initial signal amplitude chan;ea con

siderably and in a manner opposed to that al the other aerosols. 

4. 2. 3 Electrostatic-Charge Runs 

Electroatatic-cbarte runiJ were conducted on talc, .uccharin, powdered 

sugar, and cornatarch. Only in cert:ain ca&l!&, however, were duplicate runs 

made. These data are shown in Ftgure1 4. 4, 4. ~. and 4. 8. Ave rag .. com

puted from these data are ahown in the accompanyiq table. 

Aerosol 
Chamber 
ltumidity3 (gHaO/M ) 

Powdered Suaar 
mode A 11.0 

( averaee of 8 runs) 

mode B 10.8 
(ave rae a of 3 runs) 

mode C 10.7 
(averaee of 3 runs) 

Talc 

mode A 10.9 
(averaae o! 2 runs) 

Saccharin 
mode A 10.1 

( averaaa of 3 runs) 

C orn•tarch 
mode A 10.7 

(average of 3 runs) 

Initial Signal 
Amplitude 

(llrbltruy units) 

o. 9'15 

0.979 

0. 972 

1. 187 

0.780 

0. 082 

Aero•ol 
Hal!•Lite Slope 

(min> Index 

7. 23 27.2 

6.9 28.3 

5. 7 30.7 

11.3 38.8 

8.3 37.8 

1. 52 15.0 
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Consider the powdered sugar data. It is seen that the initial Si,nal amplitudes 

are the same for all modes of charge injection --A, B, and C. This is one 

inr;Hcatioo that the actual dispersinf process is not affected by the injection of 

positiveiona, either during the dispersing process (mode B) or just subsequer,t 

to it (made C). Ut should be recalled that the initial sipal is read 1 minute 

after operation ot the disperser, subsequent to the char&e injection of either 

mode B or mode C.) Furthermore, the mode-B aerosols had half-life sliJhUy 

lower than mode A, while that of mode C aeroilols was substantially less. 

4. 3 Comments on Present .Results and Correlation with Previoua Re•wts 

Several significant points are suggested by the data of the present report. 

In examinin& these data, we shall keep in mind the hypothesis that the state-of

charge of the aerosol particles is strongly related to humidity conditions, so 

that the two aeries of runs reported herein may, in some sense, be two facets 

at the same phenomenon •• that of particle charge. 

4. 3.1 Electrot~tatic-Charge Seriel 

It baa already been mentioned that, in the electrostatic-charge runs, the 

initial signal amplitude seem• unaffected by injection of charae. while the 

aerosol half-lite 18 thereby markedly decreased (particularly in mode C). The 

former obeervation indicates that the aerosols which enter the decay phase of 

each run have identical degrees of monodispersity, so the chanced half-lives 

cannot be due to changed particle size. These changes in half•U!e must then 

be due to attachment of injected positive lana to the aerosol particlea, so that 

tne a.eroaol cloud acquire a net positive charge. Thill space charge increases 

the rate of miaration ol aerosol particles to walls. 

4. 3. 2 The Humidity Series 

It h .. also been mentioned that in the humir;Hty runs, depreuion of chamber 

humidity prior to dispersing the powder resulted in aerosols with lower half·Ufe 

~ lower initial signal (cornstarch excepted). The conclu~tion to be drawn here 
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is that aeroaol which survivee the dispersing ph&:~e of each run has fewer inde

pendent particles per w'lit volume and larger average particle siae in the dl·y 

caae than in the medium-humidity case, This behavior has two po .. ible ex

planations which, thouib essentially distinct, have the same practical effect 

in our experiment. First, the dry atmosphere may in some way inbibit the 

initial breakup of particlu in dispersing or, second, the dryness may promote 

reagjlomeration of the aerosol particles during the first 1-minute period. 

The first of the two possible explanations is not very reasonable. One 

feels that the particle breakup is accomplished with sufficiently violent turbu

lence in the dispersing jet. that the humidity in the receptacle should have no 

effect. The second alternative, in which reagglomeration of considerable pro

pot'tiona takes place before the full dilution of the initial cloud, seems more 

tenable. In the event that the second alternative is operative. then we must 

e.sk why a. dry atmosphere is mure conducive to coe.gulation than a moderately 

humid one. In this connection, particle static charge comes to mind. 

It may be supposed that the powder particles acquire some electric charge, 

through the trib~lec::tric effects, in the proces.s or being expelled from the dis

persing unit. It is likely that there would be large quantities of particles or 

both &liftS. This charatnl pre<:eu would be a common feature of all rune 

conducted during this quarter and since all runs started ft•om common initial 

conditions, the extent of charging should be the same. Thua, if a particular 

condition of the receptacle atmosphere is to affect the dispersini phase of an 

aerosol run, it must be through the rapid alteration of the charge pattern of 

the forming aerosol. Our humidity results might then be uplained by aaying 

tha& the 11abundant" water vapor present in a moderate humidity atmosphere 

cauaea rapid neutralization of particle charge and, thereby, of interparticle 

forr.es responsible tor ~.:oaMW.K.tion. 

It may also be noted from Figure 4, 3 that depressing the humidity of the 

receptacle atmosphere depresses the slope index. This indicate• that a smaller 

variety or p;.rticle slzea is present in an aerosol formed in a dry atmosphere 

t.han in a hwr.ld one. We may imai!Jle this as a tendency of small particles to 

attack to larier ones. The significance of the slope index 11 less clear in the 

case of the electrostattc-charie runa. 
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I 4. 3. :J Relation.s!rlp between Humidity Runs and Electroatatie•Cbarl• Runs 

Ill the two preeedinC sections the humidity series and the electrostatic 

series have been discussed separately. Interpretations with some dearee of 

inner consistency have been advanced for both series in tel'ma of static charge. 

When the implications of one aeries on the other are considered, howe"~er. con· 

tradictions arise which place tnterpretatlons in jeopardy. 

In Section 3. 2 we proposed that 

l) Powder particles leave the disperaer in a hiahly charged condition 
(both siena being copiously present) which ca~taed rapid coagulati•m, 
unless 

2) Water vapor is present in tbe receptacle atmosphere and is capable of 
rapidly disc:hargina particles. 

However, in Section 3.1, it was proposed that 

3) Injection of copious amounts of positive io~. even at the moat crucial 
momenta, had no effect on the dispersint process, but that 

4) There wat considerable attachment of positive lona to aerosol particle. 

Since the electrostat1c•charge series was conducted at medium humidity, 

statements 2) and 4) are not entirely compatible. statements 1) and 3) also 

tend in opposite directions. In the latter cue. how.-ver, one may a1k if the 

injected ion• actually had opportunity to affect the dispersinc process early 

enouth. 

An indication that the injected tons had early opportunity to interact with 

the powder particles may be had by comparing the mode A runs of the electrostatic 

aeries to the medium-humidity runa of the humidity aerie8. Tbese run• were 

conducted under conditions which were identical except that the mode A hQ.d a 

jet of dry nitrogen oppoetna the powder-dispersing jet. 

The data compare u follows: 
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Chamber Initial Signal 
Humidit~ (arbitrary Half-Li!e SlOP'J 

(gH20/M ) units) (min) Index 

Powdered Sugar 

mode A 11.0 0.975 7.2 27.2 
medium humidity 10.3 1. 086 5.5 33.0 

Talc 

mode A 10.9 l. 187 11.3 38.6 
medium humidity 11.' 1.038 8.2 39.3 

Cornstarch 

mode A 10.7 0. 082 1. 52 15.0 
medium humidity 10.7 0.067 1.12 13.1 

It is reasonably clear !rom the half-lives that better breakup of particles was 

achieved in mode A than in the medium-humidity runs. Amone other things, 

this indicates a strong interaction between the jet of air from the ionizer and 

the developlng aerosol cloud. It might, therefore, be expected that when ions 

are carE'ied by the ionizer jet (as, particularly, in mode B), there is ample 

opportunity for ion• t() attach to aerosol particles. 

WhUe the half-li!e clearly gives the edge of mode A as a more thorourh 

dispersing mechanism, the other data are not so clear. Normally, one would 

expect better breakup i11 diapersini to give a higher initial siiJl&l. This is not 

uniformly observed. 

There is the possibility that the increased half·life in modtt A over that ot 

the medium-humidity runs is clue to a more rapid dilution of the initial aerosols 

cloud; that is, the jet from the ionizer prevents r:'eagrlomeration, rather than 

racilitatinr breakup of particle•. This, if true, would help to relieve the situ

ation with regard to the inconaiatlencie• mentioned earlier, Furthr!r information 

could be had by l'UMin( experiment• hybrid between the two series worked on 

this quarter. For example, if the humidity runs were done with the dispersing 

proceclure of mode A, a better idea of the role or the additional gas jet in dis

persinl should evolve. 
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4. 4 Summary and Future Work 

The precedinfr sections have de~tcribed our current state-of-the-art in the 

control and measurement of aerosol formation and decay. Considerablf: proaress 

ha.s been made in recent months in obtaining an experimental setup sufficiently 

precise to obtain accurate and reproducible results. Concurrently we hav• in

creased our depth of knowledge of the general behavior patternt of powders 

urulerioina dispersion and decay. The depencience of the dis~raibllity and 

decay properties of powders upon such variables as atmospheric humidity, 

electroatatic-charae, particle size, shape, and composition is frequently 

complex. This emphasizes the need to eliminate as many variables as possible 

in our study in order to define basic behavior patterns. 

With this in mind, the next step Will be to study the di8peraibility and 

decay properties ot a single powder throu11hout the range of 0 to LOO percent 

relative humJdity. Our experimental techniques are now sufficiently accurate 

to do this in a meaningful way. Thia will then provide ua with basic information 

concerning operational and nonoperational regions with respect to effttctive 

dissemination of powders as a function of sample and aerosol exposure to at· 

mospheric humidity. 
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S. DISSEMINATION AND DEAGGLOMERATION STUDIES OF STORED~ 

During this quarter, we continued to •tore 1amplea of Sm. ill the compacted 

condition (bulle density 0. 57 and 0. bl s/cm'l) at temperatures of .;t and -Z3C. 

At the present time, diuemination testa have been conducted for atoraae 

period• to 30 days. The result• indicate that there 11 no siJnUicantly detri

mental e!!ect of storage on tile physical deanlomeration efficiency lor diuem• 

ination based on the principles used in the E-41 type diueminator. For thi• 

reason, we have deviated !rom the original teat plan &n.d omitted the 91-da.y 

storage penod. In tht~ near future, evaluations will be made of the f.-month 

samples. 

Laboratory atudiea of th.e effect• o£ stonae on the viability of this material 

hav• conUnuttd with auays of the Z-month and 4-month sample•. Again, the 

re1ults to date indicate that there b no si~&nlficant difference between the 

viability o{ compacted and W\Compacted ~in the range investigated. 
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6. E-41. SPRAY TANK 

Work relatinJ to the E-41 1pray tank continued throutb th.e reportina 

period. Some of the effort waa devoted directly to fabrl.c:ation ud tut of 

the second unit which waa completed durina thi1 quarter. Additional effort 

waa expended in ueas relattna to the uae of the two unit. in field evaluation 

pro1rama. 

6. 1 Statu• of the S.cond E-41 Spray Tank 

In Aupat, 1963 the ucond E-41 apray tank waa completed and te1ted in 

the la.boratory at Oeneral M11.La, L"\c. Tbi1 unit il 1cheduled to be u .. cl in 

£light testa wltb the "Mohawk" airplane at the Patuxent River Naval Ab Teat 

Center, It hal been filled with compacted talc and ia ready for ahipment to 

the Grumman Aircraft Enal.neerinJ Corporation, Bethp•ae. New York lor fit 

teau prior to the Pat\lJlent .P.iver fliJht proaram. 

Thb aeeond unit hat b,aan &IBen\bled with & tail 1eetion ha.vina four t'in1 

aa shown in J'iaure 6. 1. A 1imilar tail aection is aho now available for the 

lirat E~41 ipra.y to .. n.lc ao that both units can be flown in either the two~ or 

!our -tinned conflauration. Tiler a Ia only one art o£ internal ~omponente !or 

eacll E-41 ancl th .. e c:Oml)onentl muat be tn.naierred !rom one tall aection to 

the ()tiler when a chanae in eon£iauration il neceuary. The drive !mit and a 

bulkhead carryina 1everal electrical itema are the euential componenu which 

must be tranafened but the effor' required La minimal. 

The tail 1ection witb 4 !ina weialla 8 pounda more than the taU witt\ 2 fins; 

tl\erefora, the total empty wei1ht of th~ E-41 with lour fine i1 7Z6 pound1. There 

it abo a amall ehift in the location of the center of gravity. The ttation location• 

of the center of gravity lor empty and loaded conditiona for the Z· and 4-!in con

figuration• are &a followe: 

Empty 

Loaded with 300 lb payload 
plus lZ lb N

2 

Z Cin!l 

Station 81. 3 

Station 81. 9 
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Wlth the existence of two E-•tl sp~ay tanka it now becomes plluible to run 

concurrent field h~•t• at widely separated locationa. In fact, it appeared 

tnat the testa scheduled for Eglin Air F~rec Base a.nd thoae ach.eduled !or 

Patuxent could coincide or ove1'lap. Therefore, uaential item• of support 

equipment such as the IJ'O\mcl check out boxes and the &JA• ch&rJing equipment 

were fabricated or procured for the aecond unit. However. duplication of the 

fillin1 equlpment and the tail and. noae h&ndlina carts is not contemplated at 

this tlme. 

6. Z Preliminary 2J!erattns Procedure• Manual 

Durlna thi1 quarter work waa initiated on an operatinJ procedure manual 

for tl\e E-41 •pray tank. Thh man\lal will contain a description of the unit 

and detailed inwtruc:tiona for operating and servicing the unit. 

6. 3 Compaction and Dlsc:harse Testa of Talc i.n the Full-Scale Experi· 
mental Ohlt 

Teat• of compaction using the internal screw piston mechani1m and sub· 

sequent dhcharae throuah norrru&l operation were ma.de with talc in the tun

scale experimental unit. The compac:tlcn process conaisted of. dlungaginl 

the disagareaator from the acrew (so that the diu.ggregator would net rotate 

while advar1C:inl the pistons to compact powder), filling the diueminator with 

loou: talc:, and drivin1 the pi1t0n1 inward with the screw advance mechanilm 

until the powder wu packed to the detired density. The proceu waa repeated 

until the cliuemi.nator was filled with the desired amount of compacted powder. 

Attempu to diuemlnate in the normal fashion were then made. The {eaturel 

to be teated in this experlm•nt are repre!lented by the question•: 

1) Can the screw piaton 'oe uoed with a. reasona.ble torque to compact 
the powder? 

Does internal compaction cau.se a wall Coree on the powder too 
large to allow advance of tbe compacted plug durin1 the di1charae 
operation? 
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3) Doea internal compaction fill tbe acrew tbreada ao tborouahly that 
the a crew pilton meellanilm cannot operate? 

4) Can tbe powder enterin( the center section be removed to that the 
normal diacbarae operatiol\ cal'\ be begun? 

5) Will the diungagement mechu.iam betweea the diaaagregator and 
the screw be conat:rained by packed powder? 

It waa thought that the powder could be compacted with the internal screw

piaton mechanism but that three negative inlluences exist: (1) tne torque required 

might be excessive, (Z) the powder miaht leak a:round the piston, and (3) the air 

in the powder might not escape su!ficiently well to allow compaction. Felt-laced 

pbtona with an array o! air venta drilled throu11h the piltona we-re uaed. The 

object o! thla arrangement was to allow air to eacape through the !elt and air 

vr:nta to the back of the piato1n; the object of the felt waa to provide a seal 

between tne piaton and the cylinder wall. Thia arranaement worked: the air 

escaped aa pla.nned and there waa virtU&lly no leakage of the powder past the 

piston.. 

In the compaction operation a torque of 60 ft-lb wa.s used• the powder 

packed to a density o! . 57 g/ cc:. The torque was steady during compaction. 

No di.£ficulty with the powder in the screw threads occurred during compac

tion. Fo:r these experiments the pistons b&d thread cleaners of the deeiJn 

ducribed in a previous report. (lO) 

It was determined that the powder which enteu the disaggregator section 

durina the compaction oper.Ltion could be removed euily by introducina Jal 

througb the jets in tho normal !aahian. 

The device used to engage and diseng&ge the disaggregato:r dhcs con• 

stated of a. movable key in the center hub wbicb mated with a slot in the power 

screw. A special screw driver was installed throuah the wall of the unit to 

advance or retract the key. 

It was anticipated that powder miaht be forced into tbe mechanism durina 

the compaction operation and distuzb the !unction a() felt seals were provided 

on the shaft to restrict the entrance of the powde.r thro11gb the clearance 
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between the shaft and the diaaunaator hub. Tbia dbenaaaement mechanism 

functioned adaquately for the tutt but would nave to bo improved i! uaed in u 

airborne unit. 

In the first attempt to ditc:harae tbe compacted powder, no di!!iculty waa 

encountered. The torque waa ateady &t leu than 50 ft·lb. The aecond te•t 

yielded tile ~arne reault. During the tbi!'d teat, the torque beeam P. pr.,hibitively 

high (200' ft-lb) and the tut \\'&a &topped. After the pi1ton wu backed off eeveral 

incbu, the tut was resumed and the function wae •atidactory with a torque of 

100 ft-lb. In all teeta, comparable den11itte1 were uaed (about • 57 1/cc:), The 

reaeon !or tile failuu of the third test is not known, although the rea1onable 

belief ia that force• of the packed powder in the ac:rew or the force of thfll powdel' 

aaainat the wall caused tbeproblem. Current plane are that further testa will be 

made in which the £orcee either at the acrew or at the wall wi!l =c rcd-.4ced ao 

that ditEicultiea can be bolated. 

6. 4 Experiment• with Methods to Reduce Side Wall and Screw Friction 

In anticipation of hiatt forces on the acrew and wall, concurrent testa : 

have been made on meane to reduce these forcea. In an attempt to reduce the 

force between the wall of a eylindu and the plua o! compacted powder, a group 

of dry lubricants have oeen applied to teat cylindeu to determine the affect 

of the lubricants on the wall !orce. Theae lubricants lnchde mol~;~:::·~ disulfide, 

graphite, and Teflon powder. ln order to reduce forces 1.hae to powr.ier compact· 

ing in the screw threada, it haa been conddered that the thread• cou.ld be filled 

with a material that would break away dependably witho11t compactina •• the 

hub it advanced along the screw. At this time, parafin and sodium silicate 

have been tried in qualitative te1t1 and both appear to have potential applic\~-

tiona. Quantitative tuts have been made with the dry lubricanta on the cylinder 

walla. 
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6, 4. 1 Use of Dry Lubricants tu lladuce Side Wall Friction 

Preliminary tuu with gnphite u the lubricant wen dilcuueclin the 

Twel!th Quarterly Report. ( ll) Data were preleftted wbich 1howed that Jraphite 

cauacd a eisnificant reduction i.n the licle-wall friction of compacted talc and 

powdered •usar. 

Subsequent teats ueing six-incb diameter aluminum t11be• treated ift various 

mannere and using the test method previously reported have ahown that the effect• 

of J1'&phite are not ae pronounced aa wae fint reported. It appearl that rather 

minor changel in lurf~&ce roughness can change the wall Criction sufficiently so 

that comparative teats are valid only !or id'!ntical eudace conditions. 

The results obtainflcl in these experiment• are presented in Tables 6. 1 

and 6. 2. Eacb value reported repruenu a 1inale teat and the variability 

inherent in the teat method i1 evident. Table 6. 1 iivea the te1t data for 

compacted powder sugar where th.e reduction in friction reaulting from the 

use o! graphite is dearly evident. 'rhe data obtained with t&lc !s co~a!ned 

in Table &. z. Here, the wall friction on the smooth, bare aluminwn surface 

wu nat reduced by the application of graphite. The bare aluminum surface, 

sanded so that scratch marks ran lengthwise o£ the tube, was as good ae the 

amooth audac:e. For other au:rface condition• where roughne11 wa1 a factor, 

the application of arapbite aenerally caused a amall reduction in wall friction . 

.By way of explanation, the Poxylube ia a molybdenum diaulfide·in -plar.tic: 

dry £ilm which i1 aprayed on. The film 1u:rfac:e il comparatively ru11ah. The 

Fluoro Glide ie a powdered Teflon euepended in a vehicle which evaporates 

after spraytna. 
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r.:~.ble 6. 1 Comparative '1'e1t1 on the ECfect• of Graphite on tbe Wall Frlction F\lrce li 

I II 
lor Compacted Powdered Suaar ln Six-lneb Diameter Aluminum 'l'ube 

f " Compreuive L Ratio Ejection 
~· 

~ Surface Condition Force, lb 11 Force, lb I 
124 0.99 10 

I 

r 
' • 1Z4 1. 40 zo I 
I 

r 1Z4 1. 81 38 l 
Z46 o. 9-4 32 

[ Ba:re Aluminum. Z46 1. 33 ss 

-. Z46 1.11 99 

j 
370 o.n !53 

.. 370 L 29 108 

1. 
370 l. 65 163 

J. 
1Z4 1. 04 8 

1Z4 1. 39 16 

1Z4 1. 83 18 

Z46 0.97 17 

I· Z46 1.}3 Z9 I 

t ~ 
Dry Qraphite Z46 1. 71 4Z ' 

I 
I , 

I. 
. I 

370 o. 93 zz t 
l 

370 l. l<) 5Z i' 
! 
i 

370 1. Z8 37 I \ . 370 1. Z8 37 
l 

' 

) 370 l. 67 50 

\ 
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'fable 6. Z Comparative Tutl on the Effect• of Surface Condition on the Wall 
Friction Force for Compacted Miltron Va.por Talc in Six·lncll 
Diameter Aluminum Tubu.~ (/. Compaction Force ol 100 lb Uucl 
in All Caua.) 

Surface Condition fi Ratio Ejection Force. lb 

{ (.50 

2..06 

~.46 

46 
68 

llZ 
.Bare Alwninum --------< 

{ l. 52 

z. 10 

z. 49 

45 

7S 

104 

Dry Graphite----------< 

{ 1 
1 . Graphite in Alcohol -------< I. 53 42 

z.oe 

--{ 1. sz 
z. 10 

"' 
f. Grapblte in Watu ---

t- L 48 

I 

Oraphlte in Trichloroethylene 

Vapor -Blaoted Alwninwn --{ 

Vapor-Biuted + O.y Graph!U -{ 

Ban, S.nded C!rcwnferentia!ly { 

6-8 

1. 52 

2.. 06 

Z.09 

2.43 

2.48 

1. 50 

2.06 

2.47 

1. 50 

z: 10 

z. 47 

1. 52 

Z.04 

z. 4i 

~ ..... ...,. 

75 

33 

75 

n 
38 

QQ 

65 

115 

87 

51 

87 

125 

41 

n 
110 

46 

84 

J!O 
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Table 6. Z Comparative 1'uta on the Eifects of Surface Condition on the Wall 
Friction Force !or Compacted Miatron Vapor Talc in Six•Inc:h 
Diameter Alwnmwn Tube e. ·(A Compaction 'Force of 100 lb U•ed 
in All Caus.) -- Continued 

Surface Condition ~Ratio 

S.nded Ctrcwn£erentially +Dry-{ 
Ciraphite 

aa,., s .. dod Le,.tbwlae -{ 

Po&y Lube 440 { 

Po,y Lube 440 + D•y Cnphlte --{ 

Poxy Lube 440 Sanded { 

Poxy Lube 440 Sanded + Dry -{ 
GuphUe 

aau, Sandod and Bul!•d --{ 

Sanded &nd l!u!fed + Dry Cnpbl<e { 

1. 50 

z. 10 

2.41 

l. 50 

z. 08 

z. 47 

1. 5Z 

Z. lO 

Z.47 

l. sz 
z. 10 

Z.47 

1. 52 

z. 10 

2..47 

I. ;z 
2, 10 

2..47 

1. 52 

z. 10 

2.41 

1. sz 
z. 10 

Z.47 

Ejectlan Force, lb 

39 

80 

LH 

38 

&9 
llS 

ao 
zoo 
265 

67 

150 

205 

60 

135 

210 

40 

110 

180 

45 

90 

l15 

20 

lB 

113 
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Table 6. 2 Comparative Te1U on tbe EUec:t1 of Surlac:e Condition on the Wall 
Friction ~orce 1oso Compactecl Miatron Vapor Tale in Stx-Incb 
Diameter Aluminum Tubu. (A Compaction Force of 100 lb Uted 
in All Ca sea. ) - Continued 

Surface Condition L Ra. 15' tlO 

Poxy Lube 330 --------.....c{ 1. 38 

Z.08 

z. 38 

Poxy Lube 310 + Fluoro Glide -{ 

1.50 

J. 96 

Z.4Z 

-{ 

1.38 

Po:xy Lube 330 + Dry Graphite 1. 96 

z. 38 

{ 

1.45 

Fluoro Glide -------........o< 1. 96 

Z.4Z 

Eje.::tion Fol'ce, lb 

90 

160 

Z45 

65 

130 

2.45 

75 

130 

ZlO 

65 

160 

zzo 

6. 4. Z l:xperimenh with Filled Threads t~! PowH Screw 

Experience has shown that !illlna the E-41 spray tank by a proce1dure 

which packa the power screw thread• with powder re1uha in high thrc~d 

!riction between the acrew and the pieton nut. Hi1h thread irict1on 11 not 

experienc:ed when the com})&C:ted charge is prepared with a central hole jtut 

large enouah to accommodate the Ierew as is done with tbtt pT'!'~ently used 

loe.dina technique. 1'hia observation led to the conclusion that low thre.ad 

£riction should be obtainable in a direct fillina proced11re i£ the ecrew thua.d 

is pretreated so that the threads are !illed with a substance which prevents 

entry of the powder and yet don itsel! not cau..• bindiniJ. 
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Two experlmenta were conducted to t.nveetiaa-ce the feaai'bility of eucb a 

acheme: one wttb parafin wax, the other with sodium silicate. A. 1bort lengtb 

of the 11crew was filled with the substance and the pht.on nut wu advanced over 

this portion ol the acrew. The piston nut had the thread c:leanina featW'e. It 

was obterved thAt both material• were effectively removed from tbe thread. 

However, a film of parafin remained whereaa none of the 11odium tilic<ate •tuck 

to the threacie. The frictional torque wae determined only comparatively and 

Will observed to be higher with the parafin than for the dry threade. There 

wa• no appreciable increa1e when the 1odium •iltcate waa u11ed. Both eJqJeri

menta were conducted without powder. 

6, 5 Flight Teate at Ealin Air Force Bue 

On lZ July 1963, an E··41 •pray tank ar.nd a.uociated support equipment 

were shipped to Detachment 4, ASJJ, Weapons Laboratory (ASOWC), Eglin 

Air Force Baee for flight test• to demonstrate the o:om?atibility of the •pray 

tank with the F-lOOD and the F-105 airplanu. Beca\Uie of circumstances 

attending tile uu of airplanes fol' tuts, the E·.fl hal not yet been flown ~t 

Etlin. However, the unit haa succese!ully paued Cit tesu on both aircraft 

and i:J ready Cor use whenever airplane• can be scneduled. 

'fhe E-41 •pray tank was filled with compacted talc for the Ealin teau, 

Plana initially called !or reloadina with talc at Eglin and 1upport equipment 

wa• shipped with the 1.1nlt. Because of delay• in the Ealin Program and the 

impending tuta with the 1\.iohawlt·airplane at the Patuxevt' 'ruver Naval Air 

Teat Center, it was ne~es1ary to return the support equipment to General 

Mills, .Inc., Minneapolia, so that the tecond E-41 spny tank C0\4\d be prt- • 

pared for the Mohawk teau. Dr. Joe Farmer of the Weapons l.boratory 

aareed to adjust the !liaht plans so that it will not be nec:euary to retv&d 

with talc at Eglin Air Force Base. There are a.pproJdm.ately !CO lb of 

material pruendy in the unit to be diucminateci cic.uint the ~escs. Th~> 

support equipment for reloading ill now at General Mills, In,., Minneapolis. 
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7. FLIGHT TESTS OF .THE E-·U ON TH£ MOHAWK AIRPLANE 

On lZ July 1963, a plar..nins meeting wu held !or the forthcoming flight 

teat. o! the E··U ap:ray tank on the OA-1 ''M·:lbawk'' airplane. 'This meeting 

was h~tld at th~t Navy Depa.rtn:.at:n~ io lbtt Bureau of Weapon• with the followina 

personnel pretent. 

Mr. Jack P. Qualey, ll. S. Army Bioloaical L&boratoriu 

Lt. Col. V. L. Ulery, BuWepa, RA 5Z4 

MJ". John Coursen, Grumman Aircraft Engineering Corpor:ttion. 

Mr. Gordon Whitnah, General MUla, Inc. 

Mr. Joaepb McOilHcuddy, Oeneul Mills, Inc. 

Mr. Don Harrinaton, General Milh, Inc. 

As a reault of thil meetins. action wu initiated to provide !undina for 

the modifications to be per!orrned by thtt Grumman Airc:ra!t Engin .. ring 

Corporation on the specific: airplane to be used in the flicht teats at the 

Patuxent .River Naval Air Test Center. General Mills, Inc. wall r~uested 

to provide Grwnman with the neceasal'y l!ngineering data to permit them to 

proceed with a quote on co,ts to perform the requind .,jrc:raft wo7k. 

A tentative date of 7 September 1963 waa set !or tesu to commence at 

Patuxent. General MUla, Inc. was to ahip the E-41 to Grumman by 15 Auaust 

1963 to allow them to check the unh on the airplane prior to shipment to Patuxent. 

It was definitely decided that the E-41 be provided with the tail uction having 

four Clna. 

There h;u been a delay in acheduling the airplan& modification work ~d, 

conuquently, the E-41 apray tank has not yet been flown on the Mohawk air

plane. The apray tank t. presently at General Milh, Inc. ilnd i !l :ready for 

shipment to Orwnman when they rectuire it. 

lt ia planned that two aeries of teats will be made with the Mohawk <llir· 

plane flying out at Patul'ent River Naval Air Test Center. The iirn fiighu 

will be madtt to demonstrate general compatibility of the E-41 on the Mobawk. 

Talc will be diueminated rlurina th~•• lliahts. The E-41 will then be reloaded 

with compacteu !!J.. and. a series of biolo1ical flight testa will b.- flown. It is 

planned that the~ will be diueminated at Carrols laland at Edgewood Ar5cna1 

uatna a samplina tower to determine diaumination efficiency. 
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8. SUMMARY AND CONCLUSIONS 

The work for the Thirteenth Quarter h&a been completed and ia aum

mariaec:l in the followina uctione. 

The aegmented-colwnc method waa u.eed t.o study the tenaile strenath of 
powders u a function of bulle denaity and of pA.rticle size. Data on powdered 

suaar and egg albumin are puaentecl typifyina behavior of the pawdera cur
rently undu study (Section Z). 

The alidlng·disk ahear-stnn1th mechocl waa u~adied in depth to determine 
the poulble eUec:t• of preaheadng, or not preehearinJ, the powder preparatory 
to the measurement of shear atrenpb. Meaninaful data were obtained for both 
conditiona. It was concluded that preshearinr the powder would yield data which 
could be related more logically to the compac:tlon proceu.(Section l). 

Two new powdeu, dried ega embryo aimulant and a low-density~ simu· 
lant, were incorporated into our study. The ega embryo simulant haa bewn 
c;haractedaed at a nonhomogeneous rough-aur!aced cryatalline product that ia 
hiahly elaadc and difficult to compact. The ~material appears to preaent l'lO 

unusual problema (Section Z). 

The fundamental behavior o£ two categories_ of powder a was studied 1.1 

depth to demonatrate tha.t the techni~ue• developed on this project will, in f~tct, 
characterize the behavior of powcleu in a meaningful way so th<&t the various 
powder propertiea may be intelli1ently Interrelated. The two cateaortes were 
(1) diiferent lou of the lame .. mple, Sm. and (Z) three dif!erent powders all 
having the same MMD. The powders were (a) around aaccharin. (b) spray
dried ucch.arin and (c) c:ornatarch. Data on ahea.r atrength, tenaile ttrength, 
compaction ch&racteristica, size analysis, particle s~pe, particle rugoaity, 
etc.. are preaented &nd compared. The resultiq comparative data correlate 
the powder propertiea in a ulf•consiatent and lopcal maMer (Section 2). 

To atudy the behavior of the p~dera in the uncompacted ttate, tile Powder 

R.eaiatometer (recently designed and built in thie laboratory) was uaed t.? mea

sure interparticle resistance to flow in a number of powderl!l. This app."tratua 
haa beun shown to meaaue 1mall dif!erencea in powder behavior with great 
pred ston ~nd sensitivity_ (Section 2). 
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The BET adsorption method waa aJain u•ed to mea1ure the 1ul'face uea 

of a number of powdeu, including the three_!!!!. sample. mentioned earlier. In 

a.ddition, a mathematical determin&tion wa 1 made utillslns the•• data to detet!' • 

rnine the micropore atructure of the powden unclel' •twly.(S.ction 3). 

The electron microacop~ wa1 u.ed to obtain information on t !te thape and 

structure of the eaa embryo aimulant. rn addition, .. lbadow-caatm, apparatua 

is bein1 installed in order to obtain 1reater definition• of the 1urface 1tructure 

of the :POWder particle~ (Section 3). 

The current aerosol atudiea empha1lze the effect• of electro1tatic charge 

and humidity c:onditlon• upon aeroaol formation and decay. Con1iderable p:rog

re 11 ha.• been made durin1 recent montha in obtainina an experimental set-up 

sufficiently precise to obtain accurate and reproducible results. We are now 

in a po•ition to define operation&! and nonoperational re1iona in the relative 

humidity ranse of 0 to 100 percent (Section 4}. 

The sto:raae t)f l!lampiea o£ compacted~ (bulk densities 0. 57 and 0. 61a/cm)) 

at ·Z and -Z3 C wu continued. The original 1cbedule calling for ciea11lomeration 

sLudies alter 91 days hal been altered ~~ond auclt studies will next be made after 

b monthll etoraae. ViabilLty determination• on Z·month and 4-month •ample• 

showed no 1ignificant difference between compacted and uncompacted ~ 

durina these periods lS.ction 5). 

A second E-41 spray tank was completed in AuJUit 1963 and made relLdy 

!or uae in the flight teat prosram with the ''Mohawk" airplane. Tail sections 

with four iina are now available for both E-41 •pray tanka. An operatin1 

procedure manual !or the E-41 was 1tarted. Teau were condw:ted with the 

experimental model in which talc wu succeufully compacted within the u.nit 

using tt\e pt.tonM1c:rew mecbanilm to accomplhh compaction. Problem• were 

encountered !n .subaequent operation of the unit to diueminate the talc. Ex

periment• uain1 dry lubricants to reduce aide wall .iriction of compacted talc 

have shown that the g:Una ue small but that surface rouahneat o{ 1mall maani· 

tude il an im!)OI'tant !actor. Parafin wax and sodium silicate were succ:eu!ully 

...... 
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removed from a aection of the power .screw intentionally fillo~d with theae 

rnatet'i:da a• a pouibJe technique lor keeptna powde.ra of! the threada. The 

•mit at Eali.n Air Force .Ban haa succeuful.ly paued fit teata on tbe .r-1000 

and F-105 airplane~ ancl ia now awaitina fliaht teat. (St~r.ti'>n 6). 

A meeting was held at the Navy Department to plan tile testa uain1 the 

E-41 spray unk on the Mohawk airplane. (.irumman Aircraft Engineering 

Corporation wa.s teo prepare coat eatimatu tor the airplane wirln& modifica

tions, Cieneral Milb, Inc. i~ to provide the E-41 fittecl with a taU section 

havins £our !ina. Fliaht teats y,·ill be conducted first with talc and then with 

~· The airplane will be based at tbe Naval Air Teat Center, Patuxent River. 

Mriryland (Section 7). 
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under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 



.. 

April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




