
~I----! -

I 
t 
i 

>-
co • o 
oZ 
1.1..1 

c:.o:; 0 
~<C 
t-

Office of the Secretary of Defense 
Chief, RDD,ESD, WHS f' £C r~!~ os. 
Date: 12A11l it 6 ('3 Authority: EO 13526 
Declassify: X Deny in Full: 
Declassify in Part: ' ---
Reason: 
MDR: ~/~~~-M~-~'~/~~~'-----------

DECLASStFIEI IN FUll 
A~:i.13126 
Chief, Re.".. & OecIatI DIY. WIofS 
0.11: APR J a :2D1J 

i 

I 
t 

1 , 
l 

I 



i .. 

1 
I 
I 
I 
I 
f 
f 
I ... 

f 
J 

I 
r , 

Gener,)1 • Mills 

.. (.' 
~ 

:--_j .. ~_':.;:-':"~:~:~~~ . 
.--;,:" :. ., .1". . 

.~ !J • -+1. . i ... ~.1i 
This document consists oU_~~ ~8e; 
and Is number ___ ~ __ oL~"_&::_COPIes, 
serles ___ d __ and the fOllowinS_G ___ _ 

attachments. 

THIR TEENTH QUARTEltL y 
PROGRESS REPOlt T 

ON 

DJSSEMlNATION OF SOLID 
AND LIQUID BW AOENTS 

(Uncla .. Uled Title) 

For Perla~ 4 J'Wle 1963 - .. September 11163 
Contract No. DA-1I-064-CM1.-Z14S 

Prepared for: 

U. S. Army Biololical L.abontoriee 
Fort Detrick. Marylancl 

Submitted by; "A~'f.:....;.tIi_..:.IlJ.L~~ __ _ 
G. R. Whiblah 
Project Ma_Ier 

Report No: Z451 
Project No: 82408 
D.te: Zot October 1963 Approved by: 

AEROSPACE RESEARCH 
ZZ95 Walnut Street 

St. Paul 13, Minn.lota 

S. P. Jon.a, Director 
Aerolpace R •• earch 

.: 
--------..--. ~-- -.. ,. .... 

1 

1 

. - , 
DECLASSIFIED IN FULl 
Authority: Ie 13i21 
Chie,. Recorft , [)ecj_ Dfv~ WHS 
Oat.: APR 1 2 201., 

-! 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
( 

1 
I 
J 

J. 

I 

FOllE'WOlU) 

Stafl member. of the Aero.pace ROIe.reh Departm.ent and J:n,lnee.r1Jl8' 

Department who have p&I'tlc.ipated in direc:tinl 01' pe1'forminl ib. wOrk re

ported herein include Mllr •. S. P. Jon •• , Jr •• 0. Wl1.ltftab. M. Sandlren, 

A. And.reon, D. St.nder, R. LlDdqlliat, 1. McOiUicuddy. J. Upton,· 

P. Stroom. O. Mol'fUt. A. T. Bauman, T. Pet.ra.n, D. H&rl'in.ton, 

.R.. Ackroyd. D. Kedl, B. SchmIdt, 0. LUDel., R. Dahlber" R. .Kendall, 

'E. KAut.on. 1. UDI" 1. P11n.y, A. John.oll, O. Lelt.r, C. A. Mol'l'h, 
and K. Pontinen. 

- it -

Page delarrmn.l., be Unc'N.1IId 
Reviewed Chief. ROD. WHS 
lAW EO 1352.2. ~'~13 
0_: AJIR 1 ~ lU 

1 
. ~ 

I 
I 



t 

J 

... IdU,.nlL 

ABSTRACT 

'!btl Thlrt .. ntla Qaartuly Pro.r .. 1 Report pr'lezLtl the rel\iltl of work 

COMucteel at Cien.eral MiUa, Inc. uncleI' Contract No. DA-18-064-CML-ia745. 

"Di .. emination of Solid and Liquid BW Alentl" during the period 4 June to 

4 S.ptembu 1963. 

Valuable Informatton on the properde. of pawdeu, both biololleal simu

anCl (!!!!. and!J.) tAdnon-bio1opcal .imulaat8 (Iueh a. vted e" albumin a.nd 
carn.tarch). have aided in the development of the 1:-·41 .pny tanlc for the line

.ource d! .. emination 01 dry .0Ud BW alent •• 

Tenaile atl'en,ch of powden a ... function of bulk dlnatty and particle aiz. 

was studied. usina the ae,mented column method. The IHeling-diak abear

ur.o.tb method wal \lIed to mla'l.U'e .he ... char.CCed.ticl ot. a number at 
powdeJ'l. A method. 'Ndy wa. macle to dltermine tbe l'ela&1ve merit. of }Sn

.Ilearinl or not pre-abearin. the powder prior to the Ih.ar te.t. 

The fUlldamental bebaviOI' of two cat"orle. of powder. wa' atudied. The 

re.ullin. data conelate powder propertie. in a con.htanc and IOllcal manuel'. 

The nlwly deai.ned and buile Powder a.lbtom.ter Wa' uud to mealure 

with sreat preciaion interparliculate "eai.tance to now in a number ot powder •• 

Surface area of powdera wa. mealllred by the BET adsorption method and 

a mathematical determination of micro.pore etnctve of powders ilia' made 

Cram thele data. 

The el.cc~n m.icro.cope wal \I •• d to .tudy .hape and .truct11ze of one 

pow<ier. 

Effect. of .1ectJ'oltatic chars. and humidity condition. upon aero.ot 

{ormation and decay IIIere INdled with u.u1ta sufficiently conaistent to 

de£ine the oper_tirl, ral1le of relative humidity. 

Stora,e of compacted ~ urnpl". WAI continued with viability anays 

beinl made on Z-month and 4-month .amp!... There wal no silnilicant 

diUerence b.tween compal;ted and W\~ompact .. d ~. 
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The atatue of work related to the E-41 .pray tank it reported. Weight 

and center ot ,ravity data are preleDted Cor the wait when fitted with the new 

4-finned tail .edion. J:xp ... iment. on. compaction .,r powder within tile ex

perirnental Wlic ualn, the pi.toA-'crew mechani.m lor compaction are eIi.
CUlled. Dry lubricant •• principally ,:rapbite, were fo\lZlc! to cau.e a .mall 

decre ... in .ide wall friction of compacted talc. It WI.. found that parafin 

and lodium 'ilic&t. could be l'emovecl 1>y tbe pletoD nut it the.e matedale 

are a.pplied to tile .crew thread. to keep out the powder. Succe.etlll fit teata 

01 the E-41 on the F-IOOI> and ".105 airplane. at Ellin Air Force 8& .. au 
reported. 

Ruult. 01 '" pl&nDin, meeUn, a.t the Navy Department in preparation CDI' 

te.tin. tbe E-.1 .pray tanJc Oft the Mohawk <airplane au .-.ported. 
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THIll'l'BENTH QUARTERLY PROGRESS UPOR'l' 
ON 

J)IS8BMlNATION 0]1' SOLID AND LIQ1J1D BW AGENTS 

1. INTRODUCTION 

General I4We, IDe. haa completed the thirteenth qulU'teJ' of work under 

ccmtract DA-18-084-ClIlL-2'1U With the U. S. Army B1olOlical Labo.ratoZ"1el. 
Thil document reporte tbe protr'U durin, thia paat quarter 011 the contlnlllnS' 
work rllatad to the dlasem1JtaUOIl of aoUd IUld l1q.a1d BW apdt.. The propal2l 
covers work ar ••• raDIi. from bptr1ment~ aDd theoZ'etLcal studies of the 
propertie. of flnely-divided .oUde to l1itbt teata wftb lull-.eale airborne apr",. 
tanks. 

A variety 01 dry powders are ~q uled in the expal'imatal work. So~, 
auch .. talc, powdered mnk. H4char1J2, powdered au ..... and cornetarcb, Ilre 
DOnbiOloctc&l Itmllianta which are readJ.l.y available and relattve!,. lnexplnatve . 
Much valuable inlormatioft haa b"n (tbtained wttb the.e mlt.r1~s. The b101011· 

cal.hnulanta, Serratia marce.cena (8m) and baccilual1Ob1J1i (!I.>. have alao 
been used It)rtentively but pnerallT 0I1lJ after tecbnlque. and equlpaaent have 
beell developed With the nonb1olOlical .!mutant,. Some of the rec.1tt work has 
beeD done with dried ell IIl.bum1n, dried ell embryo aimUlaat, and a special, 

low-den.lty !I. 
Intonnatlon derived from the study of the properties of powde,.s hu been 

valuable in til. development of the .1:-41 spray tank for llne-so.II'ce dis.emination 

of dry aolld BW asent.. Witb the completion 01 U. second B-41 In AUIfUIIt, two 

of the .. unite al"I bOW available for u •• In the BW field te.t ptDll"am. Obe ia 
pre.ently at Ec1fn ArB for flisht t .. ts on the ]I'-100D and 1'-105 airpl ..... 

The other will be used in the ft18ht te.ts u.tnt a Mohawk airplane l1ying out of 
the PatuxeDt River Naval All' Te.t Center. 

1·1 
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2. STUDIES OJ' THE FUNDAMENTAL BEHAVIOR 0,. DRY POWDERS 

A program at ltudy la underway to characterize the bahavioro! powder. 

In the uncompacted atate. tbelr behaYior durin, compactton. their beJJavior 

Ln diJp.l'aion and in aero8Ol decay. Such a .tudy lIbould yield information rela· 
tive to the manUCacture. handlinr. IDd di ... mlnaUon of bU/Jc powders. Durin, 

the current quarter we have .xamined the ten.ile strensth ot powden ... 
function ot bulk denatty and or particle size, studied the po •• ible effect. of 

preeheann, powder. prior to performJn, eb. ahear·etren!lth teat. and deter· 

mined the shear strengtha ot a nUmber 01 powders in comparilOn 'With their 

compaction propeni... The particle ahap4l' and particle I'UIOHti .. of a number 
of powder. have been determLned. In addItion. • new apparatue, tha "Powder 

Ra.stometer", t. now bein, u.ed to meaaure the interparticle r •• btanca to 

flow In a bed 0I100s. powder. It il gratifying to find good cr.JrrelaUon or tha 

data trom the variou. pby8ical t.ate performed. 

~. 1 BeJl.vior ot Powc:er. In the Compacted State 

a. 1. 1 Ten.Ue Stre~gtb ot ComPloted PoWdera 

A. the part1cle size of a powder ia reduced. the powder bec:omu in

creasingly dllflcult to compact. Tbla 1. a reawt ot the lncreaaed Dumber 01 

interparticle contact. per unit ero ••• actlon. To explore tIlL. more tully, the 

slamented column method was uaed to determine the tenalle Its-enfth ot • 

number 01 powders a. a function of bulle denllity and at particle HZ.. Tensill 
clata on powdered IJUler a.ncI egl albumin are pre •• ntad .. example. 01 typical 

behavior of var10ua po,.\2.J'1i ",·.'1ted. The bigh1;y eI .. tic powders .\lch .. talo 

and dried eu embryo a1mulant have teneUa atrenllh. too low to me.aure. 
Powdered 'U,U' ia f.)'plcal 01 the "well behaved" powden. .. aJIOwn in Figure 

2. la. Powdered ,qar .. well •• tbe ell albumin (Pipr. 2.2) ShoWI a marked 
Increa.e.ln tensile atrenltb witb decrea.tn, particle eize at a given bulk density. 

The ten sUe strength of the ell albumin ri ... more aharply With incr-nlt", bulk 

dp.ruity. In addition. the bulk tena1le atrength appear. to b. a !unction not only 

01 the bUlk density but of tbe compressive load ueed to obtain this bulk density. 

Obvtouely a different me~hani.m of compaction 1s involveci bere. 

2-1 
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10 
34.8 x 10& d)'fles/cm2 9 0 

8 • 13.17 x 106 dyn •• {cm2 
I l' 

X 5. 55 ~ 106 dynea/cm2 / 6 
/ A 1. '1 x 105 dyne./cm'l / 5 

/ 
/ 

/ 

3 

ZO 

5. 

1.0'~ __________ ~ ____ ~ ____ -* ______ ~ __________ ~ 

0.2 0.3 0 •• 0.5 0.' 0.7 0.8 

Bulk DenaU1,/cm3 

FtIUZ'e 2.11.) Bulk TeJlllUe St ... ftI1h 01 Powdered Surar 

19.5, pel au,ar (U,,) 
34.6ll105 dJcm,2 

., 0 • 0 

FlfUre 2.1(1)>) SampleR.cord of Data IrO.lll Sanborn Recorder 
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C~""'f'" Load l 30 ~ ... 6 x lOS dyn .. lcm (410&) , 
• 12.17 x 105 dynes/cIIIZ (414 I 

5 Z J X 5.55 x 10 dyne.1 em (4 lot I A 1.1 x 10
5 dyne'/cm?- C4,. I 

J 
10 ----L ___ 9.0 ,.., 8.0 

I 7.0 0 
6.0 ... 

H 

~S 
5.0 
4.0 u ..... • 3.0 • 

~ 
~ 
-S l.O 
r :: 

'1 
:! 1.0 
• .90 
6 .80 

too .70 
.IC .60 -; 
I:Q .50 

.-fO 

.30 

.20 

.10~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ ______ ~ ____ ~ 
0.2 0.3 0.4 o. , 0.6 0.7 0.8 
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Auxiliary .lntormation J'Outinolyobtained in such & study 1s the variation of 

bulk denaity at variClua compre8atve load. lFiprea 2.3 and 2.4), .. well .. the 

column capacity as a Cur.ction of comprese1ve load (Figure 2. 5). This informatioa 

i. u8eful in comparing dUI8reneea in dapoe_ of compactiOn &ad in under8tandln. 

tbe mochanisms of compaction. Noto the difference in made of compaction of 

the two powdera a. shown in Figure. 2.3 and 2... Figure 2. Ib also include •• 
simple data recorcUni to abow the pJ'Ogro.atve clecreue in tensile 8trenrth 

down the column of powder. The tenaile 8trenith at a llowder at a given bulk 
deMity abould relato quito well to Lt. ease of dl.per8tbUity. Addltionally.. it 1s 
pertinent to attempt to account tor the diUerenc!:. in variaUon of tenaUo .trenrth 

of powdered auaar and ell albumin in relation to other powder properties such 
aa ela8t!c!ty. particle l'U(JOs1ty, and particle lIize and shape. 

2. 1. 2 In8tron TensUe Method. 

The seemented-column tensile met!\od has worked so effectively. we have 
adopted it aa our standard method tor me.aurina the tansUe strenl(th of powcit" .... 

The Instron ten8iJe method, developed tor comparative purpos .. , haa been 

abandoned. 

2.1. S Shear Strensth ot Compacted PoWder8 

2. 1. 3. 1 Method Study 

In out' use of the aUdina-dbk method for the meaaurement ot the shear 

etranith of powdere it has been routine practice to prashev the powde,. prot.or to 
makin, the actual shear teat. Thia wu adopted in the pioneerin, sta,eI of teet 

de-,elopment as a workable procedure to obtain lOod reproducible ruults. 

Since the ahear-atrenith test component of our multipurpose telt unit now 

yielda JOOd results even at low compressive loada, a study was recently ~nder~ 
taken to invelltiga,a the d1lierenca in shear strenJth of a powder in the preaJ!ear 
and nonpreahaar case. It was found tbat the eheal' strentth could be determined 

with equal accuracy In either c.... The shear .tl'enath in the nonpreahear case 
was uniformly lower thar. in the preshear cue. InteraatinaJ.y enoulh, it the 
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I 
disk wa. allOWed to c:ontlnu8 to abear foUowin, the initial yield point. tbe &bear 

Btrenlth of the nonpl'88bear cale would equ1librate at approlrJmately the same 

level .s the 8heu IItrenph in the pee.hear cas.. Sued UPOIl this study and 

upon previoua ~xperience wUh powd .... , it 11 be1teved that the value. obtained 

from the prellhea&" cu. u. more clo.ely related to the compaction character· 
iltie. of powders. 

2.1.3.2 Comparative Shear Strenath of Powderll 

In our lIIleu strength studies we are interested in the sbear strength ot 
a powder undersoin, compaction (compaction lIhear Istrenath) and in the shear 

.trenitA ot tbe compact'!Ci atate. The compaction shear strength 1a determined 

by shearin, tbe powder under the same compresaiv(t lalla used to compact it. 
By contrast, the .he.,. IRrengt.h 01 the compacted stllte ie determined by usin, 

• certaLn compre .. lve force to compact the powder to a given bulk denaity and 

then me.aurin,U8 shear strength at succenivtiy lower loadl. The (!omprel

sive toree level a uaed are in the ran. of (0.25 to 8) x 104 dl'n •• /cm2. The 

compaction of a powder reaulta in a cban,e in the number and enerlY le ... el ot 
the 1n,erpal11cl. contacta, in coheaive strenl(th. in mechanical Jnterlockin, 

ot particl ... In plastic and/or ela.uc deformaflon of particles, and in an in

crea •• in the "stored up" elal11c enercy. When the shear atrenrth or the 

compacted state i. determined, the powder ia compacted at • higher load and 

measured at a lower load .s described above. 11, .a the heavier load ia re

moved, the powder undergoes complete recovery, the shear atrenlth would be 

identical to that 01 tbe lower load. and the twa .hear atrength curvea could be 

superimpoaed. Theretore, tlte difference in elope ot the two plota become I .. 

meuure of the coheaive atrenJlh and ela.t1c·recovery propertie. of the powder. 

It baa become routine pracUce to record. for comparative purpo.ea, the com· 
paction Ibear strength and the ahear stren&tb ot a powder precompacted at 

the higheat load (6 x 10" dynea/cm2,. Typlcal examplu of recent work are 

shown In Figure. 2.8 to 2.10. h i. informaUve to compare the two shear 
atrenitAa lncl1v1c1ually aa 8bown 011 Fll\1r.s 2. 11 and 2.12. The comparative 

d1f!erenees in tlu'ee Indh1dual Iota 01 !!!!. are shown in Fi,ure 2. 13. The 

correlation ot the.e data. a. well as the study of the three lots 01 Sm. will be 
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I 
covered in lJ'eater detail in a later section of this report. Under prop"r con

dition. then appear. to be goocl cOITelat1on between compaction ahear atrength 

1. and other powdel" Pl'Op8l"tt ... 

1. 2. 1.' Wall-Str ••• Distribution 

I The apparatuB deaigned to measure the di.t~.bution 01 stre .... down the 
I 

I wall 01 the collUDn 01 compacted powder ha. been outfitted with temperatu...,-

J 

r 
f 

compenMtin •• train lu.... This apparatus 1. still 011mportance to our aver
all .tudy elIore. Work In thi. area haa. boWflVltr, been aubatMtia11 y delayed 

. dUrin, thi, quarter due to work requir.ment. in other are ... 

2.1.5 Compaction Oaracteriatica 01 Powder. 

2. 1.5. 1 Dried Ell EmbryO and Low-Oenllity Ss 

Two De •• amples have been included in our studiea. They are (1) a dried • 

eu embryo .1mwMt. and (2) • low (bulk' -den.ity .!i al.mulant. Compactton 

data on the ••• ample ... well •• comparative data on ~ and!& are pr.sent .. d 
In Pl ...... 2.14. A. abown, the low-cen.ity !l ia IIOmewhat mare ditrt.C:laLt to 

compact by a lactor at 10. A mon complete di.cUI.lon il contained i.n (ollow· 

In •• ection •• 

a. 1.8 Compaction Characteristics In Comparison with Other Powder 
proaeHi •• 

2. 1. S. 1 EU Embryo Stmulant 

This material. prepared at Fort Detrick. ia a mixture of lactos. .me&. 
and the soluble components 01 e •• 8lnbryo, that has been .ubjected to a freeze· 

dryin, proc.... The resultant product ia • nonhomopnous roush-surfaced 
cry.taWn. product (as shawn in micro,raph. prelented in Section 3 or this 

report) with a particle density of 1. SO ,Icc oiIld an JdMD of a.2 microns. !t is 

a highly elastic .ubatanc:e and very difficult to compact. Prellminuy c.,1.dcnce 

2-17 
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f. 
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I, 

I, 

lndl.c .... that till. poW-,. ..... to 1.,.. it •• laltlo chanda .. wbeD _~ 

to • hilla d....... Tbll Ill&)' renlC tl'OlD the brealrdowrl 01 the pUiicle. Ill .. up 

of IlUblDloftlalpUnl. (J'tpre 3.' - 3.13). T ... in 0111' .... 101 c ........ Iadl-

cat. that W. forma a 1tMl. "1'0101 pd ap,. .... _ to preN. Ill)" cWIlcaltle. 

In ibM ntpect. Itt compacUoa ...... etl'eqtiI II lower tMn 0 .. WCIIIld apect 

from tile tut tlsat 1t L. 10 cWlloult to compact; bnrewr. IMI eaapbul ... the 

Imporunc. 01 prope,. interpmaUon of d"L PlotUa, ~ .Mar etnnttb .. 
• tdllction of cOIDpr8._".loaclll cornct proceduH. but care Ill" be "I'
eiud wbe taN •• da,. an .Ied lor cODlpuin, a wiele &'811" ollllatmall. 

Sina. Ibe .U tmbl70 11 .0 dU'fjou!t to compact. ....... 1ft tact 8earJD, a mucla 

lowel'-buJk dan_., mated"''' a Ilvn compre •• ve 101lll. At the mOlD_" 
tend to nltdot ou •• ".. to maida, c:omparilOU bft ...... 1md.ar powder. 
IUd .. u.. u.ne lot. 01 ~or bet ........ p1 .. haYlDf tU lUile parUc:le ... 

(to be dlIcu.acllll the tollo1f'1n. HC~')' In the tutv" IIftCI .. time pennit. 
cone1d.1'1Ibq JIlOre work will be done utWul particle denaif. voW 9Vl_e, 
III' loH.-bu1Jc denaq 1ft order to normaUH tllll data 10 that more pnen1lud 
compariloD. can b. mad •• 

1.1.' .• Low-Den.ty B, 

Only aile.,. ftnDctb IIId compaction date an a"au ... to date tor dIl. !I. 
Ibleept fol' bem. lOIIIewliat difficult to compact, It pr •• eau no oIwIou. or 
\lid .... problem •• 

I. 1. I. S Cbanotert.Mlcl 01 Thre. Loti cllaa 

n .... lot. of !s (351, 342. and Pool 7) have dllt1nclly cIIfIerent COIZlpletion 
cwlCterllUc.. 1ftd1oatill. dUterenc •• In .... of dil.em1naUon. W. an tmder

taIdnc • etwiy-inwdepda of tbe .. lIl.riu.. not only "cau' tIM detel'lDiftadoll 
of the retd". .... of dl ... lDiAaUQIl 1. e .. enUa! w tbe &Due at u.a. project 

bat to uUltH ti. u • prutlcal "teat c ... " to cIeJDonetrate diet Ute tlCllaique 
developed Oft .1 project will, in fact. characteri.e tbe baaYior of powder. 
ill • m.eniDtf\Il -8:/. 80 that u.. vllioU' powder propel't1 •• mq be int.W,..tl1 
lnterre1ued. 
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The compact1Ot1 charKten.uc. of the tJlrH !!!l.ampl.e ar. abown in 

J'1pre I. 15. Suapl. 3&3, toJ' example, 1. more d1fftcult b7 • tact\lr of 10 to 
COblpect to the .... b1Ilk dault, u Pool 7. Tbia muu tbat was. di,.endnateel 
at the .aDl. eaer.,. 18".1, a amaller pqload 1. penai.8lhle with lot Sl2. The 

moiawre content. of 1be thne .ample. are: 

Sample 

!!!t 352 

!!!,34J 
!!!. Pool 7 

Mot.tun 
(pe1'Cent) 

2.'18 
2.S8 
•. 46 

BtolollCal ma'erf.al. are coatddel'ed relatively.ubl. With mol.tuN coatent. 
below flv. perceDt. Bee.u.s. till. 1. not • oarp cutoff poJnt. tJse DlCdatare con

tent f:It 4. oil perc.at for Pool 7 i. indicAti.,. of • poealbla .. ructural cWrerence 
due to viabWt11ouae. To .tucly the po .. lbl, enect. 01 the bloimre, the 

.&Jnpl., W"~ dried IIIJd COIDPtlCtlJd .. MowniA Pipr •• J. 18. a. 17. and I. U. 
Plot A t. toJ' tlle on,..,al .ample, plot B r'pre .. nt •• .alple vacl1lU1D·drled U 
boar. at SO C. and lD plot C, the .ample .u v*=llum-dried 122 hour. at 84 C. 

reduciPI the !!! viabUlIJ to ne .. sero. Wbitb7 aia.-malyaie data fOJ'the.e 
.ample. are a, follow& 

Plot 
A !. e 

S_pl' M!m ~ YR -g ~ u 
§m. 352 4.e 1. 88 5.0 1.72 ..... 1.7t 

~34J 6.3 1.83 7 ... 1.83 4.1 1.10 

~Poo1" &.2 1.88 8.4 1.75 8 •• 1.80 

'l'ba particle den.iU.a of the oripaal .ample. were: 

Sample 

!!!! 352 

~342 

~Poo17 
2-20 

Partiel., Denait1 
(lice) 

1.3' 
1.31 

1.37 

Page determined to be UncIaIsIfted 
R'-W«I Chief. ROO. WHS 
lAW EO 1352e. SecIIOn 3.& 

Date: APR l' 2U13 

n 



0.2 0.3 0.4 0.6 0.6 O.T 0.8 0.9 1.0 

Bulk Den8it,'l/cm3 

FlIV8 2.11 Compaction Charact.rl.tl~8 of ~ 
Z-Zl 

1. a 

Page delennlned lobe Unci_fled 
Reviewed Chief, RDD. WHS 
lAW EO 1382&. m3., 
Date: APR . LOl3 



, . 

J 
J 
f 
J 
I 
J 
J 
I 
:1 

I 
I 
I 
I 

I .. 
r .. 
L 
r 
! 

-"I -• 
I -• 
j 
i • , 
I u 

z 10' 

0.2 

----

0.4 0.& 0.8 0.7 0.8 0.11.0 1.5 
Bulk DenaHy ,I em 3 

,,"'" 2.18 COIDpaetta CJuuoactel'18tica of Dried Sm 3112 
1-22 ---

Page delermlned 10 be UnclUllftad 
Reviewed Chief, ROO, WHS 
lAW EO 1352&, Section 3.8 

Date: APR 1 Z 2013 

FS 

I 

. 4 



1 
j. 

1 
J 
J 
I 
J 
I 
1 
1 
1 

I 
I 
" 

'" I 

,. 
i. 

-.. 
ft -i .... 

I lit 105 

I 
5-
I 
t.J 

0.2 

c 

B 

A-

0.4 0.5 0.8 0.7 0,8 O.t 1.0 
Bulk Den.tty (,/em 3, 

F11UN 2.17 Compact1oa Characterlattc. at Dried 8m 343 
Z·Z3 -

Page determined to be Uncluailled 
Reviewed Chief. RDO. WHS 
lAW EO 13~2&. SectIOn. a'Ol

tft Date: APR 1 Z 2 ,~. 

1.5 



i
f. 

1.' 
1, 

E 
I' 

I 
I' 

0.2 

+---1--------------__ _ _______ _ 

0.3 0.' O. & 0.8 O • ., D.8 o. It 1. 0 

Bulk Denstty (,/em3) 

FJp1"e 2.18 Compacuon Cbarictertitici of Dr1.d .§m Pool ., 
Z-Z4 

Page delemrined 10 be UncJaullled 
Review«! Chief, ROO, WHS 
lAW EO 13528. Section 3.5 

Oate: APR 1 a 2013 

1.5 

j 
; I 
I I 
- I • I 



r 
f 

I 
I. 

As the data abow, the lampl.s become increasingly eallY to compact u the 

dryinl proc ••• i.. cODtlnued. Dryinl coud1tlon. repreaented by Plot B. Pool., 
did not produce u pronounced an effect a1nce th .... waa more water to remove. 
A clo •• examinatlon of the plot. indicatea that the shilt!n compact1oo charac
taririe •• a. 8Ome"hat dUferent with .ample 362. The intereatlnl point bere 
il tbat when the.e three sample. were vacuum -dried, Pool T and 352 reta1ned 
the1r frH-fiaWSn, charaotariatic., whereas the 342 .ample caked badly on 
dryln" tbue 1nd1caUn. tbe posa1hillty of a reaidual impurity relDainin, in this 
.ample. To obtain a m •• sure of the relaUve roupell of the surface of the 
particl • ., the rup.1Uea (di.cu ... d later In this report) were determined on 

three powden. Aa wallld b. expected, the rulOsltiea of the powders increa.ed 
with increalin, d1If1culty to compact. Another intereltin, point 18 that Pool 7 
w .. IOmewhat more durtcu1t to compact than would be .xpected trom MMD. 
Pool 7 hid unu.ually bip mouture conteat and wa. the only powder founel to be 
IOmewbat perou. -- further evidence that lome structural chan,. may have 
taken piece. A comparison of the compaction Mear data reporteel earller In 
tbia report with the compaction data liven he ... ahow. a direct correlation be
twen iacrea81n, compactioa-u.ar .trentth and 1ncr.aelnl difficulty to com
pact. The dUterenc .. ob.erved here are all .. If-con.ltent and lol1cal1n the 
lipt: of the real cWr,renc" in the ,amples tbemnlve •• 

a. 1. 8. 4 ComparilOn of Samplu RaVin, the Same MMD 

In the pre~ou ••• etioll .. stuelyof the compaction characteriatici of three 
i . lot. of tllAt lame type of powder wa. mlde. In contraat to Wa, • study wu 

reclfttly completed in cooperation with AnOther projeet 111 which three powders, 
al112 m1eroneln diameter, .. ere compared. The three powders were (1) epr.,.
dried (.olubl,) saccharin -- •• pherical powder with a relatively roup surface, 
(2) IJ'OUIld (insoluble) saccharin -- lrre"uar in .hape. and (3) comatarch --

not completely epherical but quite amooth-lIW"faced. The compaction, ten.Ue 
au-enA ancI ahear strenllth characterisUc, obtained to date are lIummarized 

in FilUr.1 2. 19 throuF 2. 24. Pr.l1J:n1nary tensile atrenJtb data on the ,round 
saccharin. 1. shown by the broken Une ill FiFe 2. 20. A,ain there appear. to be 

I a direct correlation between !ncr.allin, t.naile au-encth. 1ncre..nnl compaction-
,. I 

mear atrenlth. and incre'a1n, dUf1culty to compact. It ehould be kept ill mind 
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that the compaction fOl'Ce. to be compared with sb8U' data are repre.ellted by 

the lower portion of the compaction lrapb. 

2.2 Savior of Powders in the Uncompacted State 

The cbaracterbtic: behavior of 100" powder. c:cmt1nue. to be of iDlere.t 
tn relation to tbe di .. emiaat101l of .olid a .. nta. This iDformadcm 18 of 1m

portabce to predict the hancWnc characters.t1c. of tba powder prior to com

pactiOll. In addition, aoma of the more fuDdamental powder propertle. are 

more readily eveluated in thi. state. A Powder Resl.tomet.r, recently de· 

aipd aDd bullt in thi. laboratol'1, m .... ure. \be interparUc1. real.tanee to 
tlow in a bed of loose POWellI'. Tbe following leationa de.cribe our recent 
eUON in this area. 

~,~. 1 Powder Reliftometer 

The apparatua MOwn in PlauN. 2.2& and 2.25 utilise ... ftl'&1n ,&U,. ancl 

r.cordSnt l78'e. to meaaure the l' .. iataDce to lIDlform movement of • po
m.trical .hape drawn tlll'oup the bed of powder. A. the probe move. throulb 

tbe bed, .. we. of powder (e ••• , a cone if ttle probe i. 01r01.ll8r) quickly form. 

111. fl"oot of tbe probe. Thue, \be force meaaurae! 1a the , •• 1atance to Qow ot 
powder pU'tlolt •• I.lIUl' powder particle. 

The powder bed. U'e contained in removable tray. permltt1q the efftcient 
.tudy at a nlllllber at powden precond1tlcmed aimul,.t.aaewaly in a conUolled 
environment. The dtmanaiana 01 the pow<lu bed were kept amaU to reduce the 

IomOUDl ot powder required ~r nan and to permit emel,at operation of the 

apparatu. witbiP the cODftM. 01 anlaolaUon lab. The powder bed ba. a depth 
Off a em and a wtdtb of 10 em. The probe tra".l. a di.taIlce of about 50 em 
at .. uni!orm ratt 012 em pel' •• cODCI. 

In .. typical nan. the force incr ..... rapidly (a-1 0 .ec) a. tbe wedle of 

powc1e1' torm. aad tMn Nma1ft. relatively eonstUll for the reml.lncier 01 tM 
run. The rap1d ri •• in fetce at the end of til. run m\o1.lld be di.regarded ainee 
it 1. a r •• Ult of the powder being tOl"ced acallult the end of the tray, AmpUt1.:od •• 
v. ·Ume co"rdinate. are then obtained directly from the recorder chart. 
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S'noa the.e coordinate. are directly proportional to di.taftce "rsu. force, the 

3elecUon is one of convenience of dst. .. handlln,. 

An examlnation of the sample cbarts pre.entad in FIfUl"1t 2.27 reveala 

that the motion thr~\l1h the powder 18 Dot a continuilll but rather a "sUp-stickll 

eUect. Thia eff.ct i ... functioD of the powder property aftd the nature of the 

force appllcatlon via the cafttUever be.m. Aa the probe moyea thrOUCh the 

bed of powder, the toree Increasea umU the wedae 01 poWder 18 caused to 
move through the bed. Thia yield point, ot grelltl!'st lnterut to ua, ia repre
sented by the upper envelope of pOints on the recorder cbart. Since the probe 

momentarUy moves forward at a rat. faster thaD that of the caniqe, the 

recorded force drops quickly. AI the probe continue. to move forward, the 

torce .,aln builds up to another Yield point. The data recorded tor eaCh run 

include the equ1Ubrium ;yield force and the frequency of o.emaUon. 

2.2. 1. 1 !!~Um1na!'Y T .. ts 

A aeriea of preliminary testa wae run to determine: 

1. The criteria nece •• ary to obtain reproducible re.ult., 
2. The difference. which wOLIld te.ult trom chaD,ea la the geomettjcll 

sbape at the probe. 

In order to determine any effect of ,eometry, probes were con.tructed 

having clrculu, square. and triangular shape a, but with equal era •• MCtional 

lU'eaa. Two set. were made, one with tour time. the era •• sectional area of 
the other. 

As a r8::Jult ot thi. preliminary aerte., the followinl coDCIu.lon. were 

made: 

1 . A bed of loo.e powder can be prepared in a reproducible maaaer 
Cor uu. test by simply atlrrln, thoroulhly with a ,1 ... rod. 

2. A bed of pOWder can be used for more ,ban olle teat. 
3. Within experimental limits tile force. measured are dependent upon the 

erO.8 .ectional area 01 the probe, but independent 011t. geometry. 
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2. 2. 1. 2 Expertmental Ruultl . 

In order to obtatn accuc-ate comparative data, the appa-atus w •• enclosed 

in an iaolator laboratory where precis. environmental control 1. poaable. The 

lar •• circular probe (diameter. 3.4 em) wu selected tor uae tor the entire 

aeries. The data are presented in Figure 2.28 and 'table. 2.1 and 2. a. F1,UH 

2.28, a ,rapb of the re.18t1ve torce verINa time for a number of powders, show. 

the dramatiC difference. in fiow ntltiatlUlCtt btltween the powders studied. Four

teen run. were ntade on each powder; the amplitude at corre8pondin, time. 18 

shown in Table 2. 1. 11'01' a mea.ure of the reproducibiJity 01 the tut serlea. 
th- averap deviations are lilted at 1, 8, 18 and 24 second •. 

The equilibrium re.istance Re • the yield frequency {I } and other pertinent q y 
data on the powders studied are .summarized In Table 2.2. 

2.2.1. 3 Conclu.ions and RecommendayOM for Future Work 

The powder reatstometer ahow. great promise in meaBunnl, With sen8itiVity, 
fundamental properties at bulk powders. In addition to yteldtn, comparative in
lonnaUOII on a wide range of powders, the appuatu. wtll be uaed to study the 

effect. of varyil\l degrees of .glflomeration and precompact1on of .,iven powder. 
P'l.Irthermore, the apparatus will be used to effectively me .. "r. the enhancement 
in !low cbaracterbUca accomplished by the 1.18' of additive. (Cab-o-SU, for 

example), 
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* Table 2. 1 Amplitude versus TUne Data from Powder .R.esisWUleter 

Egg Powdered c~~P; ___ ~ _~~~ ... -t~ Albumin Milk 

0.6 205 206 168 134 140 46 I 62 i 12 

1 /252 :t 30 241 z 10 189zD 134:UO 16'1z13 ~5z5 i 60*3.15:1:1 I 

2 311 283 220 188 195 6t '10 I 19 I 
t 1317 335 259 225 219 84 85 I 23 I 
6 401 362 280 240 ~30 95 94! 25 I 
a 428'" 10 378 :t 10 291 * 5 3S. :tl0 33l:UO 101 *3 ! 101 * 2 27", 1 I 

I 
\10B 

j 

10 428 389 299 2&9 U4 109 28 i I 
j to) 

12 /432 386 303 265 233 112 109 28 I 
w I ., 

I 14 431 ~98 309 267 229 114 111 28 t i i 
16 1427 * 15 399 z 5 311 ;t 10 213 :i: La 226 ;t 10 115 *3 !113*4 28 * 1 t 

18 428 398 313 2'14 22& I 116 i1l3 12'1 
I 

20 425 398 315 217 au 117 1114 2B 

i~ff 22 429 394 319 280 233 116 ! 115 i 28 

24 446 * IS 389 ;t 'l 331 * 10 288 *11) 241 *'1 119*5 119:i: 51 i9 z 1 > ... -
-0 ~()I 
::0 ·¥f i" 25 477 406 361 318 131 1128 33 
~ {jII:IJ 

~Ia~ 26 

,....::aw~~ 

* ~g,%n 
c...:> (Ia iii" Amplitude gi· .. en is in Wlita of lilles deflection where one line 1. equal to 0.4 g. ... ... :;; 

8. 

.... -! ..... I ~ .......... Mt" CO. i h 
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Table 2.2 SummllJ'1 of Data OIl Powder A •••• tometer Study 

PoWder 
Req t., 

Denai? 
(Bulle 

Denefty 
(Particle) MMO· 

Albumin 430 8.9 0.53 1. 30 180 
I 

Po',ydered MUk 400 9.3 0.51 1. 30 33 
Cor~ch 315 10.9 0.43 1. 50 lZ , 
Powdered Supr I 215 13.4 0.52 1. 59 , --

! Sacchar1D 330 14.1 0.25 1.42 4.8 i Saccharin 118 15.4 0.22 1.42 4.8 i 
I 1" Cab-o-!jl 

Talc: 115 15.'1 0.16 2. '72 3.4 
Embryo 28 17.9 

1 
0.05 1. 50 8.2 

* 
MMD data 107 '11 embryo.., .. ll.lrnilbed by Fore o.Crich--all otber MMD'. 
were determined (Whitby Method) in tbi, laboraro7Y. 
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3. PHYSICAL AND CBEIOCAL CHARACTERISTICS 01' TO POWDER PARTICLE 

TIle fundameatal lMlIavior at pvUclllate material t. determiDecl bJ tbe Damn 
01 the Inter-molecular lo"ce. a:t.ua, at are .. of cOAt.et between particle.. The 
number and characte .. 01 such cold&ct. I. dtrectq .. elated to the nature of the 
surfacee 01 the powder parUc1e., Durtnc tbe current quart.r, the tClte! .urface 
are .. ole. aI_ndD aad tbn.lota 0I!e. were determined •• method fo .. deter
mlDlaf tbe mlcrapore druclure of powde ... w •• explored, and the particle shape 
of a II8W • ., embr70 .im\llaat w •• !nv .. Uptecl by tbt \1.1 01 an .lectrClll micro
saope, 

1,1 Total Sul'tace A .... 

TIle BBT adeorpliOll m.tbOd wa_ 1I.ed to me .. ure the total .II'lace .re .. tar 
It •• albumin aad UIne !e aampl.l: !!!!. 3al, !!!!. 34a and POOl .,. By W. 
method the quaatlt)' oIla. II8e ••• ...,. to form. IDono-layer OD the ."rtace ot 
\h. pu110le ie cltt'l'JIIined, B1 •• 8Ulftillf a val"e for the ar •• cwned by • 

'iDIl' mol.cw., lbe ..... ol.urface coYel'ed by the .d.orb.d , •• fa then cal
culated. 1'01' We clewrmlnatlClll to be made accuratel". It Lallleee ... ..,. lhat 
all adlOl'bld Impuritie. be rlmoved h'GID the particle lurtlce. 1'!U t. ac-
compU .... eI.art' III tile pl'oc,dlIJ'e by .. "d ..... I ... " proc.... rurtbermor., 
the ... pl. mwat "'maiD I'.bl. at!' the de ... coftCiltlan.. otberwiae the 

reault.at deCompoaitlOil l.ad. to incorrlct aurfaee UI ... 

Lib .acebula. wbea I" albumia and !m arl h •• ,.d too b1fh in a vacuum. 

lOIn' dlOOIll,.,.lllol1 doe. occur. But unlike •• ochll'1D •• .,albumln and.!!! 
do not deeompo .. ill •• lmplt mamer ,e. , ••• "bllm.~lvn lor uccl!.&ftD}, but 
by • oomplex proc ... 01 protebllJoapsent.UoD. Bea'II •• ot the compln 
'Vue"," at protet~. tber. I. no eli.tlnct temperatul'e at which decampoattton 
belin .. fOl' 'UO OOCUfI, to IIomI extent. at any beat1n, t.m~ralll&'e. 

In the d ........ proce., tile major contaminlJlt i •• ater. Wate .. i. Ilot 
only aorbed. oa tile .urfaoe but alia ablQrbed throUlhout the Intln par11cle. 

• It lion-committal term lDCludLii both ad.OrpUOIl and ab.OI'ptton 
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EveD the water on the surface 1a held by bonda varyin, from weak vaD der Waals' 

lorces to .tron. hydrogen bondl. It the de,as temperature 18 too high the h,ydrOilen 

bonds in the protein molecule itself will bepn to break down. 

When the aforementioned criterion of iIlatability is applied to "natural 

mater1al." which. ID addition to the proteID materiala, IllCludes material. 

Uk. cornstarch and powdered milk, a Calae impreaaion mI.;' be J1ven of when 

tbe dega •• ed state 1. reached. "Natural material." dea ••• eel at ,iven tem

perature. Will reach a stable area when aU the bond. corl'eapondlnl to that 

temperature have been broken. Iner ... m, the temperature will cauae the area 

to stabilize at a new anel bl,her vallle. There tore , the surface area will stabWze 

at &D1 Ii"en tempen.ture when tbe .\u'fa.ce area is propol't1onal to the tem
perature. 

Witb material or .imple structure, the ar.a wminereue with tempera

ture •• more contaminants are removed. Eventually, however, a temperature 

will be reached when the surface area keeps increasing, thus showtn, that 

some decomposition is occ1.lrrilll. This phenomenon will continue untU the 

matenal ia entirely decompo.ed. In contra.t, saccharin would disappear by 
sublimation, 

The adsorption isotherm of water may give inaiaht as to when the de-

ga •• ed atate ha. been re.ched. A. long .s only absorbed water haa been 
removed by tbe degusiD, procedure (not water that js part or the structure), 

ths re-absorption i.otherm will not chan,e in shape -- only be displaced 
upward a. more ab.orbed. water i8 removed. Any decomposition or removal 
at water that Is part of the structure will change the mechanism of absorption 
and, thaterore, the shape or ttl .. isotherm. This concept 1s simUar to the 
concept ussd by MaJcower .t al. (1) 

Thu. the 8UCCe .. of the BET method depends, in part, upon supplying 

enough enerlY to remove .uriace impuritiel but insuffiCient to decompose 

the sample. Usually there is sufficient di!ference in thea. enerlY levela that 

an dfective operational range can 'be establilhed. In our 8urface-area 

detel'nUnatiou or these natural material., de,a. conditions of room tem

perature and under vacuum are satisfactorY" 
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3. 1. 1 Ell Albumin 

Fl1uru 3.1 and 3.2 _ow the BET analYSis and & complete iaotherm for 

eg" albumin. From F1IUre 3. 1 the lack 01 hyatenslla indicate. a neIUJ1b1e pore 

structure. (The pore-II •• distribution lhown in '11\11'. 3.7 confirms tbta by 

shoWing OD1y •• mall hump.) The t,. albumin used had • Whitby MMO • 4. 8 ~ 
and a, · 1.51. The BET aurface area. 2.45 ml/,:Ii: 7 percent, corrupond1Da 
to a rugosity of 2.30 (Table 3.1). Witbln experimental error, thi. corresponds 

to the rugosity of .accharlft. 

The temperature far delaSiing ... as 138 F and the d.ga .. int time had to be 

at leaat 24 boura. A deg •• temperature of 188 F lncreaaed the aurface area to 
2.9 m2/lm. A teat mull be made at room temperature; however. little chanse 
In the area 1. expected. aince incr ••• in, to 186 F praduced sucb a am all chan,e. 

9.1.2 ~ 

Th. blololical nature of !!!!. introduces anotbe? variable Into surface arta 
me.aurement.. The correlaUon betweu chal'lle In surface w1thchallga In 

viabilityla uncertain. NODettleleaa, teat. are conduct.d to keep vlabiUty 
10 •••• minimal.. The hilb V&cUUSD imposed m &1 contribute to 80me 10" of 
viability. Spoor-forme:. have been found to survivlI with little or no d .. truc
tion after 35 day. at 10 .. 3 nlm Hi at room temperat"l·e. SIn i. not a .poor

fOl'm.r, but ~ i •• Me.optdUc aerobes, of which 8m 18 an ex*mple, were 
found in one 8tudy to have. 30. "-percent survival rate when expo.ed to high 

vacuum. at 40 C for five da!, •• (Z) The •• condltiona are much harsher than 

dep.Sina at room temperature (25 C) for, at moat, two da"s. Thua. survival 
rate should be much better than 30 percent dur1&1 the de, ... 1", cycle. The 
adsorption cycle should have no effect on ~ inasmuch aa cold stora,e is used 

to pre.erve it. 

The treatment of 8m durin, the test is autUned as 10110wa: 
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(1) 
(2) 

(3) 

(4) 

(5) 
(8) 
( 1) 

Remove sample from tree&.r 
Placo for 1 - 1-1/2 houroln warm-lIP to room temperature while 
sealed 
Withdraw apprOllimately 0.5, Ample and r ••• al sample vial. (Time 
for .tep - 4'l minute.' 
Transfer sample bucket to adaorptlon apparatua ancl ltart .10w 
..... cu.tton at room temperature 
Return sample v!al to freezer (Total expo.ure 1-1/2 - 2 houn) 
Attain clega •• Lnc vacuum Ln about 45 mlnutl!s 
Follow from bere. nonnal ad.orption procedure 

Two 8m 352 and §e. 342 sample. were tuted but only aDO !m. PooL 7 sample. 

Altbou,b no det1J'11te trend. wtr8 I10ted by a Bingle warm-up. It 1. qll1te certAin 

that repeated warm-up • ..vill cau.e aome uniform biolo,ical del!'adation. 

FlJures 3.3, 3.4, 3.5 and 3.8 show r •• ults of the BET analysi_ and t.he 

complete isotherms for the three 8m sample.. Increaains ."riaee .re. followed 

in order of deereasln, particle s1ze (Table 3. :.~: '7.4u -- 8m 342 had an area • 
:I --1.89 m .; e ... ,.,. -- Pool T bact an area. 2.:W mZ I" aDd 5.0u -- 8m 352 had an 

aro •• 3.14 mIll. The ruBoslUe., in the order ot Increaatn, dUficul~y to 
compact. (3) are .aaJ •• -- Pool 7, rugosity· 2.93; medium -- 8m 34', 

rUloaJty • 3.01. and hardellt -. §m 362. rugostty • 3. oa. 
Theoretically, rugo.lty (which is a meaaure o( particle roughness'. 

should bo proportional to the ea .. ot compac·.ion. 

Table 3.1 Surface Da.ta. 

Particle SLze 

Material BET Area m2/tlll MMD 01 Rutlo.i~Y 

Sm 342 1. 99 ~ alft 7.4 1. 83 1. Ql 

§!!. 352 3.14.5" 5.0 1. 72 3.08 

~Pool 7 2.34."" 8.4 1. 75 2.93 

EII,Albumin 2.45s,.,'fr, 4.8 1. 67 2. 10 

Saccharin 1. 53 :it 1'/0 6.9 1.45 2.30 
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'nI. comp.rlRII 01 the !m'1 to eu albumin and I&cchann rev'el •• om. 
inter. nine differ.nce.. The 1'U,o.iU •• for the !!at. an bqher u.n the natoeity 
tor '11 albumJD. Comparinl the pore-ata. dtMrlbutioft8. lPtlJUr •• 3.' and 3 •• 
m,al cml1 minor dUr.reuc... Tbi. melll' th.t (1) th. miCro-PON ""'ctur. 
of Sal 1. more exteulve than '11 albumill or (2) tIl.t !m. 1. mON IJ'l'qul.r Dr 
(3) 8m ha. more f1a .. or (moN tllce1,) comblJle. all thre. tactor.. Tha "I"
m.m tIIat 1m!. baa lDon fiM. rec.t.~. 10m' .lIppol1 f1"om • compar1aoa 01 

a, - - a m •• un of the -s»read of particl •• la... Since!!!! baa • 1.,.,. a I. tb1. 
m.ma it h .. a wld.r r .... of lar,.r and amalI.&, particl •• aDd. .iDe •• mall 
parUcl •• contJ1but. much to til. Burlac' area, it 1. expected that • particle-
.1 .. dinrlbutfon with the 1 ..... 1' a, .bould exhibit the ,reater .uzoface ar ••• 

FrOID the BaT plot,. FIIIIN. 3 .• , 3.5, S. a and Fl,un S.2, we ... another 

dill.rene. between.!!! and .u Ilbumill. Th"n albumin 1 •• typical plot With 

• amall1ntercept (0. U.) arut the ran .. ohhe BBT equation i. 0.1 to 0.3; 
wher ... §m bu • 1ar .. intercept (0.6) and the rlUll' of the BRT equation i. 
O. La to O. 3t, If w.look at Ch. val,,. of C from the BBT .qu_Uon: 

which ia r.lMed to tile .ver ... heat of acUorpt1on of the flnt layer. by 

IB, -B~ 
C •• xp ----

RT 

wh.r. 

lill • '.'1"1' he •• of ad.orption of the llr't layer 

1:, • Mat of cond-..atlon 

R.,., conatant 

T • t.mper.ture of adaorptfon 
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1. 
I 
I. 

1 

For compU'1aoD purpo ... it is more COftY8Dleat to uae -net · 8 1 - B2 aad the 

8quauOA 1ft tbe fonn 

C • J:oe,/RT 

Jf we calculate C fOl' ." IJJNIDsn aad!m., ... ,et ~_1Inate value. 

CD ;>oJ 200 and, C~. 20 

Tlds mean. that B. for all &lbumia 1. app"mdmat4t1y twice al 1are. a. 
Hnet for Sm. Or, 1D ather word •• the ~ IUrface .. oal1 OM-half .. active 
towarda adaOrp\lOA U fU albumtD. TbII uplalu wb)- the Sua ..u-tacell ao 

alow 11' becOJDiIll coverect. 

Ron.,. .. , It fll albumin i. trene·dried. (4) It baa the .am_ .. ural t". 
olworpUon .. tH ••• ·dried !!! wilb V m occurrlAl at a PiP 0 • (U With & 

ranp ~ lIlucb .,..e 0.3). Thla iadicate. that mocle of prfparation ha. 

a P'.at inIl\Utnctt on .arface chu-acterlatlc •• 

3.1 Por~ity of the Powder ParU~ 

Whea total. .rface ..... me .. unmant. are made, the nitrOlfn monolayer 
tOl'l1la not only Oft the extftJ'llal aul'face of the partlele but Oil the iDtel'ql 

pore •• aa ... en. Thua, to obtain an ext.rnal .urfac. area Which can be 1'1-

laMeI to the ~cal b.bavior of the powder, • me •• ure of the pore volume of 

the powder muat be obtained. III addiUon. tbe porosity of a powd.r i. of 
intere.t with r.t .... nc. to Idnetic. of adaorptSOJI, .. well .. thl atructural 

atreqth of the powder parttcle. Dunn, this quart.r. we hAlv. explored a 
m.thod for determfntDlr the micropoS'OU •• tnacture of powder.. Determination 

of JDacropore vo1ume. wm be tnYeatlpted at a later date. 

3.2.1 MlcroROl'8 StrucCul'e 

AD lnv •• UpUon .U caaducted to delepune the extent of microporou. 

structllre, pore, with diameter. up to 300 A. m the material. under can· 

lideraUoD lD tbi. al'oJdy. The iJlV •• Uption dld not 1nc1,"" all the powdera 
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1. 

but "aD",,, .,,~,. .Ncliecl to ilUUc:ate u.nds. 01 the .~d.r8 ltudied. it .a. 
Ibcnm that oal, talc ha4 .ome .ic~WI Itnct1ln.... far th. malt part, 

the oth.,. po.d .... have ne,llpbl. rnicl'opol'e lauc&\Ue. 

D.tumlnlnl pon ItnacNI" of catalyst. ha. I'ecet.ve. much attentioll ill 

lndu.tly. The history of tbe methocil of appHcation of &cl.orptton ieolbenn. 

of nitzo._ to thil pl'oblem 1\&. been reviewed by Wheeln. (5) Tile d • .,.lop

melll: pnlenteet here lavolv •• th. Bal'l'el:l:. JOYllel. aBel Hall .... method •• 
a. modified by Wh •• ler(~) and tbe Cran.ton aDCl JnIcl.,(6) mlCbod. 

At allY point oa an ad,ol'ptlon OJ" d"ol'ptiOD i.otb....... the amount acllol'b., 

Va' II compo.eel of the amcJWlt adsorbed by capiUal'Y coDdelllation. V c' and the 

amount adlorbed on the waUs of pol'el not fill •• by capillary concleneatton. by 

mwtilayer adlorption (V m) 01' 

(1) 

ADOther way to say Chi. il tbe total pore volume, V" not fUled by adsoz'bed 

,.I.S would 1:1. the volume of the pOJ'.' with racW larlel" than fm.d by 

capillary c:onc1enl.tion, Rc' not liUed by the adsorbed multilayer or, 

.. 
V - V .. J VCR) dR I a 

Rc 

where: Vea) i. the volume of porel not filled by lhe ad.orbed mwctlayer 
who .. radiu. ia .R. 

One method exprelled VUlt ill tum. 01 eh. pore· liae diltributioll 

L(R.). the lenlth of POUI of radbll. R, (9 or: 

• 
VI • Va = [ .(R.. t(Ac/ 1.(1) dR 

c: 

(3) 
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I 

whne t la ) ;: thickne .. 01 adaorbed multilayer correapondinl to the pre .. "re 

n.eded to cau a pore of l'acliUI a by capillary condensation. • c 

Cran.ton &Dd Inkley corrected the total pore volwne 01 porea of radius a 
for the ad.tOrbed multilayer to Jive the unfilled portio,,(6) or: 

. [R - ta ] Z 
V, - Va" [ -'r V 8 (a) dK (4) 

c 

To solve. we have to diUeranCiaCe with re.pect to R. PUllin. into dif

ferentials. Equ,ation (ll bacomes 

.. 
d tR J [It - tCRJ L(R) dlR) 

C R .. 
c 

and Elluation (4) becomu 

Z 
1\ • tR. ] .. Il - tR 

d Va .. [ c Rev (Il) dn • l d lR J - ... 2....-c 
VIR) dR 

c I c
R 

R I 
c 

Thel' are "Yolterra Equatlons of the Firu Kind" solved by lterative me,"ods 

of ... "min, functions Of L(B.) 01' Y (R). 17) 
I 

Vario"l approximation methocil have been employed in the put 10 circum-

vent the mathematical cUfflcuJUe. in Illch .. development. The appro~mation. 

o£ the Cranlton. and lnkl.y method are noted ~ the {ollOWi.n, .. ctlons. 

Cranston and Inkley divided the i.otherm into a finile number 01 steps 
a 

.toppin, at an arbUrarUy cholen. larant pore diameter of )00 A. At .ny 

interval, chanlina the preuure r •• lllu in a chan,. in tbe amoWlt lid.orbed, 

V U' whlch la given by inte.raUn, Eqllation (6) trom ft t co R
Z 

.- the rans
oi critical radii involved, or: 

.:. 
rhe radiu. o{ the pore just filled at any pr,18ure il 
compo.ed of two Cerm.: the raclius calculated by the 
Kelvin. Equ,atton. and the thickne •• DC the adsorbed 
multilayer, t. or ftc = ~ + t. 

3 -16 
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(7) 

J ~ ... o fOO _2_R-_t_R_l_-_t_R_2 
... V,tR)dR 

HI a2 a2 

when (2ft - tRl - tR,2) 1. the average radju8 ot the empty apace as the thJcJcn ... 

of the adsorbed laJer decreuea from ta to ta • 
1 2 

Then by ... umtn, V (ft ) a. constant in each ran,. of tnteFatten and equal 
to the aver.,. value v12'(a; - HI>' where Vu equal. the total pore volume 
between pore, of radiWi Al and a 2• and by replac1nl1ntegraticn by summatton 
up to.a max u.ing median valuea in each .tep. the wOl'kin, eQ.uation evolves 

V12 ' R .. f .. -.,. 8mu 

[ 
R2+1/UR 

where 

8 2 - &1 
k12 

aU • t, t12 2 Ul - t8 ) 
1 dR 

a1 a2 

R - t12 

VR4i (B\ 

2R2 

.. 4(t2 - \1) 
1 

• -(t • ta' 2 1 
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In terme ol diamete,. 

Bquatloll (9) w .. applied to out' cl .. orption data for talc •• accharln. elg 

albumin, anel three 8m .ample. uaint the Cran.ton and Inlcley technique. 

aetlllt. 

(&) 

a .. tlltl of tbe mScropore analy.i. lor talc, .accharin. e" albumin, Sm 352. 
8m 342. and Pool" .- tDietbel' With the pore-size d1.tl'1but1oll fo,. a catalyat from 
Cran.tlcm and Inkley -- are pre.ented tn 1'1,111'8.3." and 3.8. Ad.orption data 
tor talc III1cllacchar1D were repol"teclearl1er. {8) nata tor ell albumin and ~ 
appear el.."here in We repol"t. 

From the curvet, we .e. immediately that nOlle of the powclera, with the 
pou1ble exception of talc, 1. poroue when compared to a biCbly porous cataly.tlc 
material. Bven talc: ie not very porous when we compare the volume oC the most 
common poret. Talc'. volume ol the mo.t common pore ill two order. of 
magnitude Ie •• than that for the cataly.t, From the •• fact. we can 8ay the 

powdere have neJlipbls mfcropore structure when compared with hl,hly poroue 
ClU&lyUc: matenal •• 

If tbe powdere had only a limited m1cropore structure, it. would be expected 
that manes d1atr1but1onl would be obtained. This ia the cas. for all powders, 

because the rapid upturn of the di.tributions indicate. a larl. number of small 
pore.. Tb1. would be alpiftcant were It not that the model be8in. to break 
down in the ~,ion of .mall pore.. whereupon 8tran,. ruu.1tt are to be 

expected. 

Stnce there i8 not a micropore etruc:ture sufficl~ntly extenaive to be 

mea.ured by pore-aize analyat. metboda, there aur ... iyare not enough 
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micre>pores to .!fec:t other physical propertie., such al compaction. An indi

cator oC the pre.ence of miC:l'opore structure would oe the roup ..... iactor. 
BET ar •• 

~re .. bom MMn • U the roughlUlu Cactor i. not at lea.t 10- 15. it can be 

assumed ~hat the mlcropore Itructure tl ne.li.ible • 

A rou,hnea. fador 01 l. 0 would be expected onlY' for Imooth Ipherical 

particll!l. such ill lias. sphere. or ball beariD", Roulhnel. lactor •• Ireatlr 

thAn 1.0 indicate that. ill addition to b_ina nonlph.ric.l. th.re may "e lome . 
maca'opore Itructure. The •• are pore. Irlater thac 300 A dlameter. The 

lar,'lt macroporel would b. tho •• &fredin, compaction characteriltici. A 

poUibl. method lor Inv"Ulation maeropore Itructure would b. the m.rc'uy 

poro.imetn method 01 Rilter and Drake. (9) 

Although car" must be exerciaed in the Illterpret&tion of the •• curve.. it 
• 

!lbuuld be noted that Pool 7 exbibiu a .mall hump at about 100 A. while talc 

and ell albumin exhibit hump. 1" tb. 30- SO it. diameter r&nle. In all caul it 

Ihould be noted that the analy.i. faU. loon .£tar it hump h .. been reached. In 

the caee of !!!!,' I. it il looner than for ell albumin. talc and •• ceharin, This 

fact il in direct relation when the monolayer formed; !!!!.'e monolayer {arms 

much later than that 01 talc. etc. !E! forme .,. pIp = O. Z. while the others 

form ,., ,. pIP ~ O. 1. 

3. 3 ParticLe Shape of Dried Ell Embryo Simul."1nl 

The electron microscope and lilht micro.cope ·" .. cre used 10 determine t"'_ 
particle Ihapeo! a ntow material, dried eal embryo slmulanl. Thh material 

il a mixture of lilica. lacto.e. And the water-soluble extract of ell embryo 

that has underlone a Ireule-drying proc.... Mlcro"aphe taken durin, this 

&ludy are shown in Fisur •• 3.910 3.13. Fipl'e 3.13 is a lisht micl'Olraph 

lihowing the ,encra.l compolition of the material. Fiallr •• 3.9 thrOllo,h 3. 12 

ate electromicfolrapba of the darker particle. thown In FiJUfe 3. 13. TbiJ 

simulant 1. a nonhomoaeneovs material conel.tilll of a mixture of rl .. n 

C ryatall, of clear and Opaque. and .ome totally opaqu~ particle.. The parti

dee .hown. in the electromh:ro.rapb. are compo.,d basically of Iv.bmicron 

'pltereol. These spber •• are probably aiBeA. coated with laeto •• 
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Alcohol - Sora.yec on Crid 

~{agnifica.tion See Sc~le 
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:>.ficrograph Xo_ 63-9-1.8 (Electron) 

Fig-lre 3.10 ':::lectron :\licrvgra.;:>h 0: E;g E:':'\bry.., 
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Alcohol - Sprayed on Grid 

Magnification Set' 5c a.l e ____________________ _ 

Micrograph No. 63-9-13 (Electron) 

Fig,,~ ~ ..J. 11 Electron Microg:'ap;'l of !::gg Embryo 
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Alcohol - Sp:-ayed 0:1 Gr:'d 

Magnification See Scale 
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Micrograph ~o. 63-9-15 (Electron) 

Fi;::\\": _ :. l~ Elect:-on ~1icrogra?h of Egg Embryo 
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i and/or a'i embryo, This .,. embryo stmulaDt I, a bi,bl7 elaatlo material 

but appear. to 10 •• ita eJaeUc character when the aample II compacted to a 

high degree. 'I'h1e could be attZ'1buted to a poa.lble breakdown ot the ... ub
micron compo.it.a, 

j. We are current17 tryln, to determ1ne, more lpeC1t1cally, tM compoaSUoa 
ot tbe •• particl... In addition, a shadow-ca.tlag apparatu. baa jullt been 
installed which will aid in further elucidation ot the particle ftructur ... 
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4. AEROSOL STUDIES 

In view of the importance 01 the et!ect of bumidUy eoDCtiUon. upon .eroaol 

formation and dec.y. aMW .. ne. ot nuaa 1. UIlCIenrq •. The operaUDf proce

dure. are the AID. aa Cbo.e u" pl'ev1oualy except that caaaiderablJ more 
empbla.i. haa been placed OIl humidity control from the precODdiUonidf of the 

powcler. to tbe precuely contrOlled chamber bum1dtt1 and in our empbuu 
upon repeUtion 01 ",. to lupplJ • mOl"e _cure daa bue. A1.0 lnal\lded la 
tbi. repon .re the coaaludinf run. in ... lie. atud11nI tile .fleet. 01 injected 
poettlv. lona on "1'0.01 formaUon &IJd decay. 

[ft the tsrat .ecUcn of tb1a report. we c:lUcu .. the operalt. procedure fa 

detaU. Many 01 tbe poiDtII of pZ'oc.clure wm be familiar ft'om pnviou. report •• 
The data obtained from thi. quarte,.,. work. and comment. on the .. data, wtll 

be pre.mteclin tbe fOllowtnc aectiou. 

4.1 Operat1DJ Procedure 

4.1. 1 ,!fUldUnc of the Powder Sample. 

Each 01 the .eroeo1 I'WlI co.aduC'led durin, thi. quarter involved O. 1-, 
lampl, 01 powder. The •• lampls. were prepared aDd ccmdittoMd in •• t&ndard 

manner a. d.acribed below: 

Ons-bUDdred * a me poZ'UOIlI 01 powder were wel,hed out from stock and 

tran.'el'l',d to vial. tor bwnidity conditlonm,. The vial. were IItorecl1ft a 

it"" boa tor at leaJt two day. before u.'. ne humidilJ 01 the Ilove box I. 
malnta1ned aontinuouaq at 0.15 to 0.1& , HZO/M 3• Pl'lor to _pvea UI'0801 

run, the swirl eliaperser was placed iD the ilove bas .nd the powdeJo ample 
tran,:e""ecl into it. TM dl.per .. &' wa. lett In tbe ,love box 101' one-ball bour 

afte .. whic;:b it w .. lIaled by placine c:ora in the p. port.; ther'alte~. it wa. 
removed from the Jl~ box. aDd m~d OD the aero.al chamber. The dJoy

nitrocen .lIPPlyline .... thea cleared by a abort bur.' 01 the IU and waa sub
.equeatl,. connected to the diape ... er. The cork in the outlet port of the dl.perser 

.". left in plaCCJ until pullbed out by pre •• ure of the g •• WheD the dlaper .. r .... 
operated. 

4-1 
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The amount 01 powder loat in tranaler ia utimated at Ie •• than 5 mg; 

thl18 it Is inalgni11cant. It sbould be mentioned that the wel&b1D1 of powder 

sample. takes place at room hWl11dity concU.Uona .0 that a cenain pan of the 

100 :t: :I m, sample w'i,bt 1. moi.ture; however, ttll. i. removed In tha lub

sequent humidity cODdlUoniDl. 

4. 1.:1 Aaro.Q). Chamber Humidity 

A careful &cOO\l'" wu bpt of tile humidity in the aerosol chamber. For 

the electroltat1c·char,e l'UDS, which were conducted Witb tIM OIlamber at room 
humidity. the procedlll'e wa. to llave the chamber door open foJ' one-half hour 

prior to .. ob run 80 that th4t chamber was wU flullhed with room atr. The 

room humidity w •• tben read from an 1ftf1'ared hYlromater UId tbe chamber wa. 

sealed tor l"unniq. 

The humidity %'Una ware conducted ill the .ame falhian a. 1D earUer work. 

RUlls were made botll at room humidi'y and at low humidity. The latter cbamber 
cond1Uon was obtaSned. AI before, by placiJIg about 200 , of treah molecular· 

sfeve dea.lcaDt ill the chamber and •• alln.. A coppaI' tube was run from the 

chamber to the hrlrome'er, 10 that the chamber ail' cOIllcl ba .-mpled directly. 

To prevent a depletion of all' in the chamber while •• mpUng. dl'J nitl'opn ",u 

admitted at a I'aie equal to the s.mplin, rat.s (5 mers/min). The connection 
of the hY1lramater to the chamber 11110 permitted a more relevant mea.urement 
of the humidity wben operattDa at room conditions. The humidity maasuremenu 

were made just prior to each aerosol run. 

4.1.3 Standard S!Wmc for Llsht Source and PbotomwUpUer Amplltler. 

The procedure. uaed to el18ure coMtant-inteulty U.bt SO\Irce and constant 
ampW,er ,aUl will be de.oribed briefly. To check the ampUtlar lain. a radio· 
active ltandareS l1Ibt .ource i. pacea in the aerotol chamber in a standard posi
tion 80 that it lllaminate. the phototllbe·, The amplifier gain is then adj\lsted to 

yield a prescribed output (5.0 UDit.). The worJc1DlUrbt-aource intensity is then 
~h .. ~~t1 "1 pl!leln: s Blake culturc bottle t1Ued wiUJ d4.t.Uli.l w.I.v,· ill III Iftandard 
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poSitiOd in wblcb it acatters 8om.lipt from tb. bulb SJm) U1e pbototube. The 

1amli lIol\afl. ia then adlUated to yield a preacribed output (0. & uatu) at 1I1e 

amplU1er. Th ••• cllecU we,.e made at le.st once ada,. 

It 1s fOUDd that, after leveral day. of .. ann-up. both tbe IlJDpUfter ,$ 
and the Uibt-aource lmeMit,. are 'luite atabla. The combtned stability 01 the 

two uDl'. i. about *2 percent. 

4. 1.. Powder-DieR.nin, Procedure 

The .. quance 01 atepa in .tartina' an aerOl101 run hu ~en described In 
e.rUer reporta. but w111 be reviewed here lor completene... Ia tha electrostaUc
char,. J'UD8. dl7 a!trotea Ie jetted into the aeroaol. chamber (rom. two diametr1c&Uy 
apposed potnta - the ODe jet beiJII the powder-dlspualna jet and the other betre 
the carrier gaa for the 10M. Tbe ion carrier pa 1& .tarfed tlrat .ad i, adjusted 
to 30 psi (tlow rate 0.11 1/aec). It 1. run lor 1 mln1.d8. The diaperser w .. 
operated at 130 pli for a 1S-.. cOftd interval atartiDi 10 .. conde lub_quem to 
the atart of lon-carneZ' ,a. flow. The cn.pel'ler flow rate ~ 1. 4 1/ .. c. The 
above •• quence, where tile high valt ..... a. Dot applied (so that oll1y dry nltraaen 

emerpd 11'0111 Ibe ioDiHr), waa called moda A. III mode B, the pa flow .. quane. 
was the same •• in mode A, but the hSCh volt.,. waa applied to%' a lO-aecoDd 
tnterv.J. starUnl & I8COIlQ prior to operation of the disper.er. Thua. 10 mode D, 
the powder sample wa. diaperaed into lID atmosphere which bad an abnormally 
bleb ooncentration of pOlitive lo.u. In mode C, the lu-no ... equence 'II" 
apin the a.me but the high voltate was applied lor • lG-.econd Ulterv81 •• tart-
in. 30 .eenneS. aftp~ "" -'''atton of t~ cU.pa .... r. In thiS 30-aecoad interval the 
powder become. ullUormly di.per.ad in tbe aeroaol chamber ao Utat the 10na 

IU'e injected into a prelormed "1'0.01. The free ion current was apprcaclmate11 

0.3 microampere for the •• runs. 

The hwnld1ty run. d1f1ered fL'QID mode A of the electro8tatic-charae ruu ill 
that tha Ion carrier IU was not turned on. Thus the nma of Ws cate,ory were 

lnltt.ted by operat1lJ~ the powder eIi.perser lor • 5-.ecand interval. Th. di.
persing press\U'e here wal 125 pI. and the diaperaer flow rate waS 1. 44 1/ sec. 
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The bacqround llIbt-acatterln, signal was checked between each run. 
Tbe re.idual aero8ol from the precedin, rua was removed, either by allowing 

several hour. for aettUnl or by flu.bin, the .ero.ol chamber with room air. 

The background wa. typlca1l1 0.01 tl to 0.0:15 unite. 

4. 1. a Data Reduet10n 

The raw data from each aerotlOl rull consist 111 a trace of the upt
scatter1lll1 .:llnal on a Brown recorder chart. The acattered lla'bt rue. 
shar'Pl:r from bacqroUDd aometJme dunn, tJw S-.econd 1nterval when the 
dlapeZ'dl" t. operated. An lnlt:lal time is tbua deftned to within. fe .. a.cond •• 
The ..,. at thi.1n1t181 Um., however. 1s often not a1.adT deliDad. In tact. 
it S_ clear !rom the trace. tbat mAn)' aerosol a do not achieva a thoroup dis
penton untU 15 to 30 seconds bave elaps.d. Therefore, for purpo.e. of data 
reduot1on, we have taken the init:lal time .. 1 minute after the operation o! the 
diaperaer. The data to be preaented, then, pertain to the decay of tho .. aerosol. 
Which exiated in the chamber 1 minute after operatlon of the diaperaer. 

The raw data from the Brown recorder chart. were replotted ill logartthalic 
normal rorm. It w .. found tbat, with. few excepUolUI. tile data ao plotted 
could ba ftt well with a lJU'aight line. The reduced data presented later in thi, 

repon tor ... 011 a.erOfloll'\lJl conaiet of the followint( three Itema: 

1. The Initial atcaal amplitucle ttbat ie. the ailllal amplitude 1 minute 
after operaUon of the cUaper .. r). 

2. The aerosol half·Ute (the time requlred for the Bipal to fall to 
50 percent of the initial ai,nal). and 

3. A me'8\U'e 01 the elope of the lo,·normal plots -- obtained by d!vidina 
the time corr •• pondlnc to 18 percent, into cbeccorre.poudlllg to u 
percent. 

4.2.1 PowderB 

The powdered material, studied 1D the preseDt work wIre: 
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1. Talc. mi.tron vapor 
ma •• median diameter - 1. 75 1.1 geometriC standard deviation - 1. 91 ~ 

2. Saccharin. 81524 stock 
maes median diameter - 8.9 ... geometriC standard deviation - 1.58 14 

3. Powdered Sular (ground) 
ma .. median diameter - 5.8 101 geometric standard deviation - 1. 74 14 

4. Cornstarch 
m a •• median diameter - 12. 2 101 geometric standard dev1atiOl1 - 1. 28 J,I. 

<t. 2. a Humidity Runa 

As meDdoned, .ome of the earUer work on the eflecta of chamber humJdJty 
on aeroaol decay Ilas been repeated. The procedure was improved in that the 

powder aamples were care!ull;y humldit;y-conditioned in a dry box (relative 

humidlt;y 1 percent to 3 percent) betore cUlpa".1nc ud that more caret\ll mea.

urements were made of ~hamber hwnidity. Th. powder. uaed 1n this study 

were talc, powdered augar, and cornstarch. The reduced data from th •• e runa 

are shown in Fipre. 4.1, 4.2. and 4.3. Most at th .. e aer080l runs were done 

in triplicate and tbe data pointa in F1pre. 4. I, 4.2, and 4.3 are collected into 

correapondinl .rou~. of three. Considerabl. scatter t. in evidence. altbaugh 

remarkably. tbe runs performed at low-cbamber bumtd1t;y ahow better repro

ducibUity than tho.e at room bumidity. 

Avera. value. trom the humidity rurlS are sbown in tbe table below. 

Chamber 
Humidity. 

(a H2OJM3, 

Powdered Sular 
average of 3 run. 0.12 

avera,e of lJ runs 10.28 

Talc 

averaae of 3 run. 0.19 
average of 3 runs 11. 44 

Cornstarch 

aver:l8e 01 3 runs 0.4 

avera. ot 2 run. 10.7 

Initial Si~nal Aerosol 
Amplitude arbi- Half-LUe SlolJe 

trary units) 

0.979 
L088 

0.'159 

1.038 

0.091 

0.067 

4-~ 

(min) Index 

3.69 2'1.0 
5.52 33.0 

4.1 33.0 

8.2 39.3 

1. 04 12.8 
1. 12 13.1 
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l. 
It ia •• en that talc i. atrUdnll7 affected by cbamber bumidity. The half~lif. 

18 d.oubl.d in pe •• inI from low-chamber humidity to JDeclium~chamber hUmicllty. 

The initial atpal UId the .lop.indo are alao cOMidel'ably inc:re ... d. The 

8ame ..... , thoutb la •• marked. occur for powdered-.uaa&' .. rGlola. ]n 
the oue of oorMtar~ tbe balf~llt. aDcl slope Index ara barely aaec:tecl by 

chaqe of bumfdlty conclition. b\lt the initial elpal amplitude cIuulIel con
.1der~ and in a manner oppo.ad to tbat at tbe otber &8ro.oll. 

f. 2.3 lIllectroatatlc-Cbuce HWlS 

IIlectroataUc-cbarfe run. wera conducted OD talc ... ccharin. powdered 

lUlU'. aud col'natarch. 0n171n certain cuee. bowever. were duplicate rune 

mad.. The .. data are IboWA 18 I'tl\ll'a. 4.4. 4.5, and ".8. Aver., •• com
putecl from th ••• data are lhown in tbe accompany1na table. 

Aeroaol 
Chamber Initial Slew 
Humidi~ Amplitude 

(IH20/ 3) (arbltr&ry unital 

Powdered Su,I" 
mode A 11.0 0.9'75 

<aver.,. of 8 runs) 
modeB 10.a 0.9'79 

(aver.,. of 3 rune) 
mode C 10.7 0.9'12 

'Iver.,. of 3 runa) 

Talc 

mode A 10.S .1.187 
(avu ... of a C1U1a> 

Saccharin 

mode A 10.1 0.780 
(averace 01 :. rune) 

C ol"D8tarch 
mode A 10.7 O.Q~2 

(avera,. of 3 run.) 

4-S 

Aerosol 
Half-LU. Slope 

(mia) Index 

-
'7.U 27.2 

B.9 28.3 

5.1 30.'7 

11.3 38.8 

8.3 37.8 

1. 53 15.0 
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Conlldel' the powclered supr data. It 'S seen USat the 1n1t1al sipsal amplitude. 

are the same tor all modes of char,e iJ1jection -- A, B. and C. This i. one 

ind.1cat1OD that the I~l ciiap.rsiDf proce .. ia not atlected by the injeotion of 
poalt1ve1on., either c1ul'inc the disper.ina proce .. (mode B) 01' jllst sub.equer.t 
to 1t (mode C). (11 should be recalled tbat the initial .11JU1l ia read 1 minute 
after operation 01 the dlaper881', subsequent to the charle Injection of either 
mode B or mode C,) Furthermore, the moc:le-B &er08018 hacl half-life elilbtly 

lower than mode A, wbile \hat of mode C .e"oaol. wa. 8ub.taDtlallyl .... 

,. 3 Comment. on Presont Result. and CO"Telatlon with Previous a.swts 

Several allnlt1cant points are .ulp.ted by tbe data of the pre.ent report. 
In axamlninl the .. data, we shall keep in mind tbe hypothesi. that the state-of
Clhal",. 01 the aerosol particle. is strongly related to humidity conditiona, so 
thAt the two .. riea 01 runs reported herein may, in aome .. na., be two 'aceta 

01 the same phenomenon -- that of particle char,o. 

4.3.1 lIlectroMtat1c-Ch&rce Serie. 

It hU already been mentioned that, in the electrostatic-charge runs. tbe 

Initial slpal amplitude •• ema \lnafl.cted by Injection of cttar.e. while the 
aeroaol half-lile I. thereby markedly decreased (particularly In mode C). The 
tOJ'mel' ob.ery.tion indicate. that the aeroaol. which enter the deca)' pha.e of 
each run have identical de,ree. of monodlspera1ty, 80 the chanced half-Uves 
cannot be due to chauled particle size. These chanaes In hall-Ufe must then 
be due to aUacblnent o1injected positive Ions to the aer0801 particle., 80 tbat 
the ael'o.ol c:loud acquir .. net po.itiv. charge. Thla apacs char,e incre .. ea 
the rat. ot milraUon or aerosol pari1clas to walla. 

4.3. a Tbe Humidity SIJ'lea 

It baa abo bean mentioned that in the humic:t1ty runa, depres.ion of chamber 
humidity prior to diaperslng the powder reaulted in aerosols witb lower halt-We 

!!!9,lower init1al Signal (cornstarch excepted). The llonclu.1on to be drawn hare 

4-13 
Page determined to be UnclaSSified 
Reviewed Chief, RDO, WHS 
lAW EO 13528. ~ 3.5 
Date: APR:J. 2 2013 



is that aerollOl which SUrvive, the dispersing phase 01 eacb run haa fewer lade

paDden, particl •• per unit vollUDe and larger a.veraae particle alae in the dry 

ca.e than in the medium-humidity ease. This behavior baa two possible ex

planation, whicb. thoup •••• nt1.I~ distinct, have the eama practical effect 

in OW' experirDent. Firat. the dry atmosphere may in 80me way lnbibit the 

initial brukup of particle. In duperaing or, second, the drynes. may promote 

realJl.omeratlon of the aerosol particles dur1nt the firat 1-mlnute -period. 

The firet of the two posstble explaJ18.ttone Is not very reasonable. One 

fe.la that the partlcl. breakup ia accompllashed with auffiCiently violent turbu

lence in the ciUlperalng Jet. that the humidity in the receptacle should have 110 

ertect. The second alternative, in whlcb reagglomeration of considerable pro

portions takes place before the full dilution of the inittal cloud, Hem. more 

tenable. In the event that the .. cond alternative I. operative. th.n we must 

ask why a dry atmosphere ia mure conducive to co_lUIatioR than a moderately 

humid one. In this connection, particle atatic char .. come. to mind. 

It may be supposed that the powder particle. acquire aom. electriC charge, 

throu,b the trlboelectr1c effecta, in the process of bein, expeUed from the cUI
~ralll, unit. It i. likel)' that there would be large quantities of particle. of 
both lips. Thi. charllna proce •• would be a common reature of all run. 
conducted during this quarter and lince all run. started fl'om common initial 
condiClonl, the extent of ebarlin. should be the same. Thu •• if a particular 
condlClon of tbe receptacle atmo&phere 18 to affect the diapersin, phaa. of an 

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

the fanning uro.ol. Our humidity results might then be explained by aayiDg 
thai tbe I'abundant" water vapor pr .. ent in a moderate humidity atmosphere 

eau.'. rapid neutrallzaUon of particle chllrge and. thereby, oflnterparticle 

forr. •• rcaponsible tQr \,loa"w.t1on. 

It may a1ao be noted from J'trure 4.3 that depr".1I!g the humidity of the 

receptaole atmoaphere d.pre •••• the alope index. Thi. ineUcate. that a am&11er 
variety of parttcle .lse. i. present In aD lI.ero.ol formed in a dry atmolphere 

t.han in II hwr.Ld one. We may imqine this .a a tendency of small par\1c1.a to 
attack to larler on... The .lgni£1cance ot the slope lndu 11 le •• clear in the 

case of the electroatatlc-d1ar,e run •• 
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4.3.3 Relation'hip between Humidity Ruu aDd Blec:1roIltaUc-Cbar,. Runa 

lD the two pre eldin, sectlons the humidi17 .el'iea and the electrostatic 

serie. bve beea dilCUaMd separately. Interpratatloaa with 80me delree of 

inner consistency have b •• n advanced lor bath sel1 .. 1n tel"m. of static chari', 
When the implications of on. series 011 the other are conetdered, bow~r. con
tradlctlona arise which 'Place interpretations in jeopardy. 

In SeCltt,on 3. 2 we proposed tbat 

1) Powder parttcle. leave the diaper .. &' in a ~Ibly charted condiUon 
(both siena belD, copiouall" pre.ent) which ca" .. d rapid c~aUIJft. 
UDl .. s 

2) Water vapor is pres.nt in tbe receptacl. atmoaphere aDd 1s capable of 
rapidly c1ischarllq particl ••. 

Ho.ever, in Section 3.1, it was pl"OpD.ed that 

3) Injection of CopiOU8 amounts of po.itive loNt. even at the moat crucial 
momental, hacl no effect OD the dlaperetnt procue, but that 

4) There was considerable aUachment. of positive loa. to aerosol panicle. 

Since the electM.taUc-charg ... rll • .a. conducted a~ medlwn humidit7 • 
• tatemem. a) and 4) are not entlHl,. compatlble. Statements U and 3) al.o 

tend in opposite dlrecUou. In the latter c"', bow..ver. one may uk 11 the 
Injected Ion. actually bad opportunity to aflect the di.per'in, process early 

eno\Jlh. 

An indicaUon that the injected iona had early opportunity to interact with 

the powder partielaa may be bad b)' comparinc the mode A rWlS 01 the electro.tatic 
eerte. to the medium-humidity rWl. of the humlcU.ty .erl ... The,. run. were 

eoaduetecl under conclitioftl which were Identical except that the mode A hac a 
jet ot dry DUro,n oppoainl the powder-dlaperain. jet. 

The data compar ... follow.: 
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Chamber lnlU&1 Slpal 
Hwn1cl1t~ (arbitrary Halt-Life Slop-9 

(,H,P'M ) unite) (mW Index 

PQwdered Sular 

mode A 11.0 0.975 7.2 27.2 
medium humlcl1ty 10.3 1.085 5.5 33.D 

Talc 
mode A 10.9 1.187 11. 3 38.6 
medium humidity 11.' 1.038 B.2 39.3 

COl'D8tal'ch 

mode A 10.1 0.082 1. S2 1&.0 
medium humidity 10.1 0.081 1.12 13.1 

It is reasonably clear from the half-Uvea that better breakup of particle, was 

achieved in mode A th&1t in the medium-humidity runa. Amone other thinga, 

thie Indicates & stronc interactlon between the Jet of air !rom the ionizer and 

the developllll aer0801 cloud. It milht, therefore, be expected that. when iona 

.,.. carned by the 10mzer jet (aa, particularly. 111 mode B). there 1. ample 

opportunity for iona to attach to aerosol particle •. 

WhUe the half-1Ue clearly ,lvea the edge of mode A aa a more thoroul(h 

di.-per.ln, meehaniam, the other data are not 80 clear. Normally. one would 

expect better breakup itl diaperalnt to live a hi,ber initial aianal. This is not 
uniformly ob.erved. 

There ia the po.atbility that tile 1ncreased half-Ufe In modtt A over that or 
the medium-humidity rune 1. due to a more rapid diluUon of the lnUial aero.ols 

cloud; that i., tile jet from the ioni.e .. p .. eventa rea"lome .. aUon, ratller thaD 

I&cilitattn, breakup of particlea. Thi', if true, would help to relieve the 81tu

atioD with regard wthe incUJl8i .. l..nc.:le. mentioned earUer. Furth~" information 

could be had by runniD, experimente hybrid behVeen the two aeri •• wo .. ked on 

this quarter. For example. 11 the humidity run. weI" done with the elieperainl' 

procedure of mocie A, a better ide. of the role of the additional ,as jet in die

perlln, ahoW.d evolve. 
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4.4 ~m.!!'Y and Future Work 

The precedJnJ Hetions have delitcribed our current state-of-the-art In the 

control and me.surement of aerosol formation aDd decay. Conalder4b1c pr .... 

hll. b.en made 1n recent months in obtain1n& an experimental setup sufficlantl7 

preclle to obtain accurate and reproducible result.. Concurrently we have iIl-

er .... d our depth of knowled.e of the leuera! behavior patterns of powden 
underlotq d1apcrslon aad decay. The depeDCience of the d1.~raibUlty aDd 

decay pl'op8nia. of powders upon &\Ich variables a. a.tmospheric humidity. 
electrostatic-charp. particle lize, shape, and composition 1& frequently 
compies. Thi. emphasize. tbe !Wed to eUminate .. s many variabl •• a. postibl. 

Sa our stuc:ly 1n order to dafine basic behavior patterns. 

Witb this ill m1nd. tbe next Itep win be to .tucly tbe di,per.ibUity and 
decay properties ot a .,nile powder ttlroulh<N\ the rallP 01 0 to 100 percent 

relatSv. hWDidity. Our experimental technique. arl now sueficientlyacc\ll:ate 
to do tbis 1n a me.DlDaful w.y. Tb1. wtll tben provide us with buSe inform.Uoo 
cODcerniDi operational and nonoperatlonal rl.ions with re.pect to .£factive 

di ... mination of powders .. s .. Cunction of sample and a.r0801 expolure to at

moapbedc humidit1. 
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5. DISSEMINA TION AND DEAQQLOMERA TlCR STUDIES OF STOllED !!. 

During thill quarter. we conttnu • .s to .ton .ampl .. of 8m ill the eompacteci 
l -

condition (bulk den.ity O. 57 an.el. 0.61 ,Iem , at temp .... ture. of ·Z and .;Z3C. 

At tbe prelent time. diuemiDation telt. have beeD conductecl for .tora •• 

period. to 30 daYI. The results inclic,.t. that then i' no .lpUiclIAtly deU'l· 

mental efCect at stora,1 on the phylic&l d •••• lom.r.iloD e£lidencr {or dillem

ination bued on the pl'in.cipl .. uled in the E·41 type dill.mm_tor. 1'01' this 

reason, we have deviated from the original telt plan and omitted &1,,, 91-day 

.toras- penoel. In th_ near future, evaluation. will be maae of the 6-month 

.amp! ... 

Laboratory .tudi .. of the effect. of .tora,e on the viability of thi. material 

have conUnu.el with a .. ay. of the a-month and ".month Ample.. A.aiDo tbe 

ruult. to date indicate that there it no ,iplficut diU.rence between the 

viability of compacted and uncompacted !!l in the rUI. Lnvesti,ated. 
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6. E-41 SPRAY TANK 

Work relaUD, to the E·41 .pra" tank contlmaed tuo. the reporttn, 

pulo.. Some of the eUol't wa. devot •• db-ecUy to fabrlcatioft aod te.t oi 

the lecond wait which wa. completed dVin, this q\S&rtn. Aclditional eflort 

wu .xpended in U'e •• relatiA, to tbe ",e 01 the two wait. in lield evaluation 

prolrUll •• 

6. 1 StatUi of the Second E-41 Spray Tank 

III Aqu.t. 1963 the .. cond E·,U apray tank .. a. completed and ".te4 in 

ttle laaor&tory at O ... :ral MiLL., me. 'I'M, unit I, .chedul,cI to be "led in 

nt.aht teat. wltb the "Moba ... " ai:rpl&fto at the Patuxent River Naval Air Teat 

ConteI'. It hat been Imad with compacted calc and ie ready for lhipment to 

th. Grumman Abcraft En,in .. rin. CoPpO .. atlaft, BethpA.I, New York 101' fit 

teatl prior to til. Pat\lJWnt PJVIl" fli.ht p:ro,ram. 

Thi ••• cond unit ha. b,en a.,ed)blecl with .. tall I.ctlon h&vlnlloll2' tin. 

aI .hown In Ftaue 6. 1. A .lmilal' &all .actioa i. alao now available for the 

Clut E.41 .pr~y UaAk .0 that both UDits can b. flown in eUlan the two. or 

four -finned coDflprat1oa. The .. e 1. only one aet of int.rnal componmtl lor 

each £.·61 and th .. e com1)onenU mu.t be tran.f.rTed from. one tall .ection to 

the other wben a chan,. in confi.uration b n.c .... ry. The drive IIDh and a 

bulkhead carryin, .evera! electrical itema U'. tb.e •••• ntial componentt whleh 

ITlIl.t be trendened but the elfor' required 1. mlAlmal. 

Th. tall • .etian wllh • tln. wei, b. •• pound. more than the taU with 1 finll 

ther.fore, Cb.e total empty wel,ht of th~ £.41 wich lour fin. ia 116 pound.. There 

i. abo. Imall .bUt In the location of the center ot Iravity. The .tation location. 

of the center of ."avhy for empty and loaded conclitiolll lor the Z· and 4·fln con

(i,uration. are a' lollow.: 

Empty 

Loaded with 300 Ib p."loael 
?lu. L2 lb NZ 

!l!!!!. 
Station 81. 3 

Station 81. C) 

6·1 

!.!!!!! 
Station 82. Z 

Scation 52. !i 
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With the nbt.nce of two £.41 'pray tank. it DOW becom •• p.,..ible CO rwa 

COnCU1'1'ent nllo te.t. at widely loparated loeationa. In fact, it appear •• 

that the ta.ta echeduted tor Zilln AII' Forca Bale and tho •• ac:hedulad tor 

Patuent could colDc:lde or ove71ap. Tbueforl, e .. entia! item. of '",port 

eq~iprn~llt I",cb al the .roUllCi check out boxes and the ,.1 char,inl equipment 

"'1,.1 fabl'icated or proc",ed'!or the lecond WIoit. Howe.,lr. duplh:aUoa of the 

{iUin. equipment ed tb. tall and DOle handlin, carts is not contemplate. &t 

tbie Urne. 

6. l Preliminary Opentin, Proced\Lr .. Manual 

Durin. thh quartlr work wal initiateel on an operatin. procedure manual 

for the £·41 .pray tank. Thil manl.&&l will contain a dClcription of the Wlit 

and detailed hutrllCtionl for opuatiD, and 'erviein, the unit. 

6.3 Commction and Dl,chu,a Teall of Talc in the Full-Scale Expert-
mea OZilt 

Telt. of compaction ".in, the IDternal screw pbeon rnechanilm and .ub· 

sequlnt di.char,e tltrou," nornwL operation were made with talc in the fun. 

scale experimental unit. The compactloA proce.1 con.lated of dl.eftl_liDI 

the di.aalrel.tor from the screw (.0 that the disallUlator would not rotate 

whll. advanc1ft, the pi.ton. to compact powder}, fillin, the dilleminator with 

100 •• talc:. And dJ'lvin, chI pi.tOA. inward with the serew advance mechanilrn 

until the powder waf packed to the c1uired denllty. The proce .. wal repeated 

until the dl .. emill&tor w .. fWed with the d .. ired amount of compacted powder. 

Attempt. to di.seminate in the normal £alhioll were tlteD made. The feaNrc, 

to be te.ted ill this experlmat are represented by the question.: 

1) Can tbe Icr_ pilton be ulled with a realona.ble tOl'que to compact 
the powder? 

Ooe. intel'ft&l compaction c~ll.e • wall force on the powder too 
larS8 to allow advance of the compacted plul durin. tbe eli.char,e 
operation? 

&-1 
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3) eoe. internal compaction fiU tbe Icrew thread •• 0 tboroUlhly tbat 
tbe le .. ew pi_toft naecllar1hm C&lUlOt operate? 

4) Can tbe powder encel'Ul, the center sectAaft be removed 10 that tba 
nol'1l\u ell.eM"le opuation carl be beau? 

5) WW the cU"D,a.emeJlt machaabm betweeo the dil."l'epCOt' &ftCl 
the IC ... W be COIlits-aineci by packed powder? 

It wal thoulht that the powder could he compacted with tb. iDtunal senw

pilton. mechanism but chat three nelative iafluen.cel exilt~ (1) the torque required 

mi,ht ba axc.IIlve, eZ} tha powder milht leak aroUDcl the platon, and (3) tbe ail' 

in the powder mllht not escape suffici.ently weU to allow compaction. Felt-faced 

pilton.1 witb an array of air venta clri11ed throulh the piltona WeTe uled.. '!'he 

object of thl. arraD,emeat waa to allow ail' til e.cape through the felt anel all' 

·.rentl to the back of the piltonl; the object of the felt was to provide a .e.l 

between tile pi. tOft and tbe cylinder waU. Thil arrantement worked: the ail' 

.. caped .1 plaMed and thue was virtually no leau.e of the poweler palt the 

platon. 

IA the compaction operatio" a torque of 60 ft-lb wa- 1ued; the poweler 

packed to a den.ity of . 57 ,I ce. The torque was .teady durin, compaction. 

No cliHlculty with tbe powder in the .crew tbreadl occuned dUJ'inl compac

tion. For thele experiment. the piltonl had thread deanen of the de.tln 

de.cribed in • previous report. (10) 

It wal determined that the powder which entera the dl".ll'elator .ection· 

dl.U'ln. the compaction ope .. .&tion could b. removed ea.ily by introdueinl 1111 

throuill the Jet. 1&1 tbo normal fashion, 

The device uled to enaa.e and cUnnla •• tne disag,relAtor dllel con

.ilted of a movable key in tbe unter hub which mated witb a slot in the power 

Icrew. A spedal 'C1'ew drivel' ".'"al in.talled throll," tbe wall of the unit to 

advance 01' retract tbe key. 

It wal anticipated that powder mi,ht be lorceel into tbe mecbani.m duria, 

the compac:tiOD operation and di.tuzb tbe function 80 felt .ea1. were provided 

on the _haft to re.trlct tha entrance of tho powcle.r tbroulb tb. dearance 

6-" 
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betw •• n the lbalt and the dil,"a-e.ator huJ). Thi. di.eJI.a,.meAt mechaabm 

{\Illctioned adequately fol' the t,.'1 but would UVI to be improved if 11." lit aa 

ai:rborne unit. 

In the firat attempt to dllcharl' tbe compacted powder, DO dilfic;ulcy .al 

encollftcuecl. The torque 'Mal Iteady at 1 ... than 50 ft-lb. The •• concl t .. t 

yielded tile ~ame re.ult. Ourin, the third t •• t, the torCl"1 bleamf! pr"hibUively 

ht,,, (200' ft-lb) and ttl. t.lt 'A'U ltoppld. ACt." the plewn wa. backed off levln1 

Uacb.t, the tltt wal relum.ed and the !waction WI. •• athfactorywith a tOl'qv.e of 

100 n·lb. In all t •• t., comparable d_.iti •• w.,.. un. (about. 57 ,Icc). ne 

rea.on for the failure of the third Celt il not known. elthov.I" tb.e realouble 

beliel I. that lorc •• of tbe paCked powder in tile .cr.w or the lorce of th .. powde .. 

aplnlt the wall eau.ed the problem. Cllrrent pl.ll. are that !"I'ther t •• tI will be 

made iA w.hieh the force. etther at the .crew or at the -wall will be reduced .0 

that ditlicliitiet can be 'Iolated. 

6.. ExperlmenU with Metbode to Reduce Side Wall _!lei Screw Friction 

In anticipation of hl,h fore .. on tbe .enw and waU, c:oncurrent teat. : 

have been mad. on mean. to reduce the •• fol'c.,. lA an attempt to "educe tb. 

force between the wall of. c::ylh,d ... and tbe pili' of c::ompacted powder. a ,rouP 

of dry lubricanCi have been applied to te.t cylinde,.. to decermine the alfeet 

I>i the IllbrlcaAt. on the wall force. The .. hahncanlS Inc1~d. moly:!:::~ dilullide. 

Iraphite, and Te110n powder. In order to reduce force. dUo. to powder compact

in, in the .crew threadl, it hal been con.leiered tbat the thr.-,d, cowel b. filled 

with a material that would break away dependably withollt compactiR, A' til. 

bub i, advanced alonl the screw. At this time, paralin and lodiwn lilicilte 

bave been tried 1n q,uallcaUve teaCi and botA appeal' to baY' potential ilpplic~.F 

tionl. Ouantltatlve te.t. ha". b.en made with tlae dry lubl'icanca on tile cylinder 
walla. 
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6.4. 1 (1 •• of .Dry Lubl'iclUlts tu a.dllC. Side Wall Friction 

Pnllmlaary t •• tt with Il'&pbite a. the l"brlcant w.re di.cu ... dlQ the 

Tw.lfth Quart.rl" aeport. (11) Data weI'. pr ... nted _bteb .howed that Ira,bUe 

cAused A .i,nillcaftt recluctiOft in tb. lill.-wall frictioJl 01 compactM talc ancl 

powdered 'qal'. 

Sub.equent telU u.llll 1b:-illCb dlameter aluminum t&lbes treated tD val'lou. 

manner. and alin, the tut m.thod pr.vio".ly r.ported bav •• hown that the .!lect. 

of ,raphUe are not a. pronounced a. wa. fir.t reported. It appear. th.t rather 

millOr chan,e. in .urf_c. roulboe .. Caft chanlet the wall friction .~i'lltl,. 10 

that comparativ. t •• t. ar. vaUd only for lcl~ntica1 lurfac. condition •• 

The re.v.lt. obtained. in tbe •• experiment. are prennle. in Tables 6. 1 

anel 6. Z. Each valu. reporteel repr ... nt. a 11"11. te •• and the variability 

lnh.rent in the t .. t method ~. evid.nt. Tabl. 6. 1 live. the tut data for 

c:ompacted powder .upr wbe:re the reduction i.n frictioD :r •• l&1t1la, from the 

u.e of Ir:apbit. i. clearly evident. 'ne data obtainect with tal~ i, cor.~;n.d 

i.n Table 6. Z. HeJ'e. the wall £J'iction OD tbe smooth. bare &luminwn surface 

wa. nat reduced by the application of ,raphite. The bare aluminum lurface. 

'anded '0 that .cntell mark. raft lengthwi •• of the tub •• wa. al ,ood •• the 

.mootb .ul'£ace. i'o~ oth.r .urfac. condition. where roulhne .. wa. a factor. 

the application o£ .rapbite lenerally cauled a .mall recluc:tion in w&l1 friction. 

By way of expl.n.tion, the Poxylube iI a molybdenum di.ulfide-in .pla'tie 

ory fUm which ia .prayed on. The film .urfac. il comparativ.ly r~".h. Th. 

Fluoro Glid. ia a powdued Tenon luepend.d in a vehicle whic:h evaporate. 

al&e" 'pravin,. 

6·6 
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TaDle 6. Z Comparatlve T •• ,. 011 the £Uect. 01 SuJoface CoodtUo. ont ... Wall 
FrlctiOil Force fo~ Compacted Miltl'OD Vapor Talc lD Six·Iach 
Diameter Aluminum Tllb ... ~ (A Compaction Force of 100 1b U.e. 
iA All C ..... ) 

Sudac. ConditiOD ti Ratio Ejection Force, 1b 

{ L 50 

2.06 

l.46 

46 
68 

J1Z 

aar. AlwnLnum--------< 

{ 1. 52. 

~. 10 

2.49 

4S 

75 

104 

Dry Graphite ---------c 

L Graphit. in AJcohol ------< { 1. S3 42 

2.08 

---{ 1.51 

2.10 
t. Graphite in WaCer ---

..... 

t: 1. 48 

I 
I: 
I 
I 

OraphUe In Trichloroethylene 

1. 52 

2..0& 

2.09 

Z.·" 
2.48 

1. 50 

Z.06 
2.41 

1.50 

2': 10 

z.. 47 

1. 52 

l.04 

2.17 
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75 

33 

75 

33 

38 

fJQ 

65 

115 

87 

51 

87 

125 

41 

n 
110 

46 

84 
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Tabl_ 6. Z Comparative Telta on the Ellectt 01 Surface CGMition OD the WaU 

Friction f'i»rce for Compacted Mtatroll Vapol' Talc lD Si,,·Inc" 
Diamet", Alumitlum Tub ••• -(A Compaction 'Fol'ce of 100 lb tTHd 
in AU e ..... ) - Contillued 

Surface CoAdltiOft ~RatiO 

1.50 

....... Citt"""'r .... a1.y , Dry-{ 2.10 
Cil'apbtte 2.41 

-{ 1.50 

Bal'll, Saaded Lenctbwtee Z. 08 

Z.41 

{ 1. 52 

Po", l.ube 44~ Z.lO 

2.41 

...,.., ........ , Dry ""'phi" --{ 
1.52 
Zo. 10 

Z.41 

Po,", ..... 44.5 ..... ---{ 

1. 52 
Z. lO 
2.47 

1.52 

Po.., ................. + Dry -i Z. lU 
C:raphU. 2.47 

Ba .. , ........... BuI'.' -.-{ 
1. S2 

Z.IO 

2.47 

......... Balfe' + ..... " .... '" { 

1.52 

2.10 

2.47 

6·' 

Ejection FOI'~e. lb 

'9 
10 

lU 

18 

69 
liS 

ao 
aoo 
265 

67 
no 
ZO!) 

60 

13~ 

Z10 

40 

110 

180 

45 

90 

1l! 

20 

11; 

113 
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Table 6.1 Compal'atlve T •• ta on tbe EU'cta of Sus-face Corulttloo OD thc ,,&11 
Friction rorc. for CompACtH Wi.trOD V.po, Talc ill Six-Inch 
Diameter Alummurn Tub... (A Ccnnpact1Qn Force of 100 lb U .. d 
ill All ea. •••. ) - CoftUlluecl 

Surface Condition L D_ • 1i ..--no 

{ 

1.38 

Poxy Lube 110 --------< Z.08 

Z.3a 

-{ 

1.50 

POX)' Lube 3]0 + FlWJro Olld. 1. 96 

Z.4Z 

Poxy Lube 330 + Dry Graph"e -{ ::;: 

Z.38 

F1uol"O (iUd. 
{ 

1.45 

-------------~ 1.96 
Z.41 

Ejection Force, Ib 

90 
160 

~45 

65 

130 

,45 

75 
130 

alO 

65 
160 

ZZO 

6.4. J E",eI'lmenb witb Filled Thread. (If Pow~,. Scnw 

Experience haa ,hown that lilHn, the E··U .pray tank by a procedure 

whtcb pac:lu the power Icrew threada with powder rnulea ir. hillft Ihrna 

friction betw.en tb. Icr.w and the pilton nl&l. Hiab thread friction ia not 

experienc:ed when the com,actecl char,. ia prepared with a central hole J\lU 

1&"11 enoll,lI to accommodate the acrew al ia dOlle with tbf! pT.,,,ntly uI.d 

loadtlll technique. Thie obeervation led to tb. condulton that low thread 

friction lbould b. obtatllabl. in .. direct flUiD. procaclllu if the .crew tlln.ad 

il pretnat_ 10 that til. thre.el. are filled with a l"betaDc. which p .. eventl 

entZ')' of the porier &Del yet do .. it •• ll nat caue biodinll. 
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Two experlmeDb W8r8 eOllCluctecl to lIlve.d,.~. tb. f ... ibil1ty of .ucb • 

.chem.: onll wllb pa:ralin wax, cia. oclaer with .ocUum .Weate. A .• bol'* leaph 

of elle .crew ..... flllecl witb the au1:t.tanc:. aDd the pbtDn nut wae advanced ewer 

. this ponton 01 the .crew. The pt.ton Dul llacl cia. thread cleaDi:1. featW'II. It 

wal ob •• nlld dill' both maleriaU were .ffectively removed from tbe thread. 

Howev II r, II film of pal'af1n remained where •• DODe of the sodium .meate atack 

to the thnad.. Thl frictional tol'q"e waa detlll'mined oniy comparatively ad 

wal ob .. rved co be h1lller wArb the paralin than for the dry thre.d.. There 

wal DO appreciable iDue.tll when the .odium IUteat. wa. u .. d. Soth e"Peri

menta weI'. condw:t.cl without powde ... 

On 12 July 1963, all £ .. ·61 Ip .. aY' tank a.Del ... oci.ted .upport eqwpmeJ:lt 

wue Ihippecl to Detachment 4, ASD, Weapon. Laboratory (ASQWCI. EBlin 

Air Force Bal. £01' fillht telt. to demoD.lr.te the -::om;satlblltty o( tbe spray 

tank with the r·l00D and the Y.IOS airplanes. Beca"'. of circumstarle •• 

attctndln, the II .. of airplane. for tutt, the £ •. f1 ha. not ye' been flown at 

E.lin. However, the unit hal 'lICcen£Wly pa .. ed Cit telU on botil ,.ircntt 

and is ready fo1' u •• whenever &lrpl,.ne. can be ac:neduled. 

The £ •• 1 .pray tank wal fillecl witl! compacted talc lor tAe Ellin tesU, 

Plan. initially called for reloadinl With talc at Ellin and .upport eqll1pment 

wa' shipped with tbe \JIllt. Seeall .. 01 delav. in tile Etlin Prolram aDel the 

impenelln, te.ta with the Mohawk'airplane at the Patuxqikiver Naval All' 

Te.t Center, it wal ne~e .. ary to retllrn the support equipment to deneral 

Milla, Inc., Minneapolis •• 0 tMt lhe .econd E-·" .pnr tAnk c:ol41d be prt'o 

p&aoed for the Maha.,k teete. Dr. Joe Farmer of the Weapon' Laboratory 

.,reed CO adjust the fiiaht plans .0 tbat it will not " nee ... ar, to ret(';&G 

with talc at E,liD Air Force Ba.e. There are approximately ~CO Ib of 

material pretently ill the Wllt to b. di ... minat.d dl.&rilll the tllles. Th,. 

.upport equipment for reloadint i. DOW at OeneraJ MUls. 11\0; •• Minneapoll •• 
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7. FLIOHT TESTS OJ' 'THE E.41 ON THE MOHA'WlC. AmPLANJ: 

O!l lZ july 1963, if. p1annilll meetin, waa beld lor the farthcomiDI rulbt 

t •• t. of th. E·~l .pny tlUlk OD the OA-l .tM!Jhawk" &irplane. 'l'h1. meetlq 

waf heJel at lhIt Navy o.parllDenl in tlUt Burea .. of Weapon. with the £ollo.1DI 

pe ... onnel pre.ent. 

MI'. Jack P. QQa!ey, U. S. AI'IIlY Biolo,teal .L&boratori .. 

Lt. Col. V. L. Ulery, SuWep •• RA 514 

Mr. John Coaraen. Grumman Aircrall En,1n •• ri", Corpor"Cion 

Mr. OoJ'don Whitnab. Ce"nal Mill., IDe. 

Mr. Ja.eph M<:CiUllc\lddy. Ceneral Milia, Inc. 

Mr. Don Harrin,ton, aeneral Milh. Inc. 

A. a neult of thi. meetin.. action WiLl initiated to provide Cundin, 10J' 

the modification. to be performed by the Orumman Aircra!t En.ineeriDI 

Corporation on the Ipecitic airplane to be u.ed tn the mlht t .. ta at the 

Pa~uxellt Rivei' Naval Ai:r Tut Center, Oeneral Milb. Inc. was reqldlted 

to pl'ovlde GI'umm&Jl with the nece ... I'Y IIn,ineennl data to permit them to 

proceeel with. quote on COIU to perform the requind "'ecrul work. 

A tentative data of 7 September 1963 WI" .et for telt. to commellCe at 

Pac\lXenc. Oeneral Mlll., Inc:. wal to ship the E-41 to Qrumm .. n by 15 Au,us, 

1963 to allow them to check che Wlit on the airplane prior to .hipment to Patwcent. 

It waa definitely decided that the £.41 be provided with the ~U .. c:t1a" havinl 

fou .. nns. 

The .. e hal been a delay in lc:hedulillJ the alrpl.ne modUication work and, 

C:O~lequently. the E-41 .pl'ay tau bal not yet been fiown on the Moh.wk air

plane. The apray tank ia prl.ent1y at General Mil... Ine. and i I nedy for 

Ihipment to Cirwnmall when the,. r.ctuire it. 

It i. planned that two leriel 01 telU will be nade 1111'itb the Mohawk air

plane lIyinl Ollt at PalllAenl River Naval Air Tnt Center. The fir.t mlnU 
will be made to demonltl'ate leAeral compatibility of the E·41 on the Mobawk. 

Talc will be dh.aminated tlutinl tbe •• mahU. The E··11 will then be reloaded 

with compacted !!a..nd a .el'lee of biolo,leal filaht tute will b. flown. It 15 

pl~nned that the AI will be dinemlnated at Carrol. tlland at Ed,ewood .-\ncn.! 

1I..ln. a s.mplinl cowel' to dece:rmine di ... minaCion efficiency . .....-... DECLASStPIED IN FUll 
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8. SUMMAay AND CONCLUSIONS 

The wo:rk to:r tb. Thi:rteenth Qaarte:r ha. be_ completecl aDd t •• um

ma:riaed ID the tollowint .ectioD'. 

The •• pneated-colwna meChOcl wa. ueed t.o aNdy the tea.ils .tretllth of 

powden •• a tUDCtlon of bulk den.tty and of p~rticle .ille. Data On powde:red 

8U," and "1 albunUA are pre .. D,04 typifyin, bebavio:r of the powde2'l CUS'

rently UDdu .tudy (Section 2). 

The a1idln.-di.k .hea:r-Itnn,tll mectlod .1.' nudieel in depth to determine 

the po .. lb1e eUect. of prelhe.l'ina, 01' AGt pl'e.heal'tnl, the powdel' pupal'atory 

to the me •• unment of .heal' 'Uenttb. M.aalac'ul data w .... obtained for both 

condition.. It ,.,aa concluded that pr •• h.ariCI the powel.1' would ytelcl data which 

cou1cl be relateel mou lOlically to the compaction pl'oc .... {Section Z,. 
Two new powdere, dried ell embryo aimwant aACl .. low -dln_ity !I. _imu

lant, were incoJ'PO:rated into .O\lr .tudy. The ell embryo aimulant hal been 

cbarac:tedaecl .. a a nonhomo.sneoua roulh-aufaced cry.ta1line product thac tl 

hillhly elallic and difflcw, to compact. The!J. material applaU to preaent DO 

unuaual probleml (Section Z). 

The fundameJltal behavior of two cateloriea. of powderl Wli Itudied ill 

depth to elemonltrate tha.t the technique. dav.1op.d on this pl'oject will, in feet, 

cba.racterlze the behavior of powclen in a maanin..ful way 10 that the Varioue 

powcler properti .. may b. lntaUl,ently lnterrelatecl. The two cate,oriel were 

(1) clUfenAt loti of the lame .ample, ~ ancl (Z) three different powdera all 

bavlnl the eame MMD. The powden wen (a) Il'ounei lacchuin, ib) .pray

dried .acc:barln anel (c) cornatarch. Data on .hear .,rellIth. tenlU •• trenlth, 

compaction charac:t.:riIUcI, liae aA&1Ylia, particl. lhap., particle ruaoaUy, 

etc •• are pl'e.ented and compa:r.d. The r •• w.Uq comparatlve data correlate 

the poweler propertiea in a .eU-con.iatent and lopcal maMU (Sec:tion 2). 

To lcudy tha bebavtor 0' ttle poY;clera in the uncompa.cted .tata, tlte Poweler 

tleliatom.,.1' (nC'A~y dellp.dand tnJIlt in thtl laboratory) wa. ua.d C.1 mea

sure incarpazoticl. l'eslslaDee to flow in • number of powder... This app."1ratul 

hal betln .bow. to mea.ure .mall diU,nDca. in powder behavior with l.I'eat 

pl'P.t'hton and •• nlitivity. (Section Z,. 
8-1 
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2 M .. £.I. 
The BET acl..arptlon methDcl .a •.• ,aiD u.cI to .... ve th •• vlae. area 

of a numbel' of powdu.. incllM1tDl the thl'.' !!!. sample. metltionecl earUer. fa 

u!CUtiOll. a matbematical clet.rmiaatiOil wa' Iftade utlUalnl the •• cl&ta to dete,.

miu the mlc:ropore /Structure of the powd .... WIder .Ndy. (SecUOJI 3). 

The elecb'O. micro.cop,. .a. ued to obtai. informatton on t he shap. aDd 
atl'ucture of tbe .1. embryo .imulaDt. fA adcUUOD, a .b&dow-ca.tm, appa%&ta.a 

i. beina installed lJl ordll' to obtain l!'eater 4efiftition. of tb •• vfae •• uuctur. 

of tbe powdeJ' particle. (Section 1,. 

The current .el'o.ol 'Ndia. empha.tae tbe .flect. of electro.tatie char.e 

and bumidity conditionl upon aeroloL formation and "cay. Con.iderabl. prol

re II ha. b •• n made durin, recent months in obtalntnl an .xperimental .et-up 

.uffic:illltly pred.e to obtain accurate .nd reproducible n.wtl. We are now 

in a po.ltion to define operational and DOIloperational reaion. in the relative 

hwniciity rani. of 0 to 100 puce. (Section 4). 

The .torale "f (lamp'" of compacted!!. (bulk den.iri .. 0.51 and 0.61 i/em3) 

at -2 and .. 23 C waa continu.d. The or1lina1 ,cbedule callinl for el ••• ,lom.ration 

ILr.&d1 .. after 91 day. hae ~e.Q altezoed &Ael .ueh .wcUe. wiU nexe be made alter 

6 month •• tora... Vi.bilUy determination.. on Z-monrb and <I-month campi •• 

• howed no lisnificant diflerence between compactecl anel uncompacted !!!! 
durina the •• period. {Sec:tioll S). 

A .econci E.·U 'pray tank 'l1li''' completed in AUIU.t 196) and rnade ready 

tor u.e lD the fUlht telt p~o'l'am wtlb tbe "Mohawa" lirplane. Tail .Ictlon. 
with IoUI' fin. are now available for both E-·" .pray tanka. An opel'atinl 

procedure manual for the '£.41 Wa' .tarteel. T.IU were condQC:teci with the 

experim.ntal modeltD which talc: wa •• ucce .. fuLly compacted within the wlie 

u.1nl tile pi.ton-Icre. mechanl.1Il to accompli." compaction. PrOblem. were 
encounterecl in .ub.e~nc opualion of the wilt to die. aminate the talc. Ex

periment. u.illl elry lllbdcant. CO .educ •• id. wall ~l'lctiOD ot compactecl talc 

have .hown th.t the g:Un. are ,mall but that .udace rOQlhA ... at .mall mapi

tude it an im"ol'tallt factor. Parafin wax .ud .odium silicate weTe aucc8 •• fulJy 

.. .... 
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l'emoved. from a .ection of the power Icrew incelltion&11y tillM with til ••• 

m&t.ri~l. ~ •• poulble tecluUq'" lor lteeplnl ,o.-de,.. off the thre&cU. The 
~t at EI1\o Air Force .8a •• hal .llCc ... ,Wly p .... el fit te.t. on tbe F-lOOn 

."t;l F-lOS airplan •• and i. now aw&ltin, fil.hi te.ts (Sfled"n 6). 

A meetlog wal held at tbe Navy Departmllllt to plan the t .. t. ul1D. the 

E-.n .p .. ay ~ Oil the Mohawk airplan.. (irummall Aircraft Enaillees-tlll 

CorpOtatio4 wa' lei prepare COl' •• dmate. 101' the airplafte wirtul modUlea

tion.. Ciefteral Mill_, Inc. it to provide the E·41 fitted with a tall a.ctlon 

bavlna loul' lina. Flitile tuta ~'ill be C01ldllCted lir.t with talc and th.ft w;th 
!!l.. The ail'plane will be based at tbe Naval Air Teat Center, Patuxent River. 

Maryland (Sectioll 7). 
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