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SIJiFACEPHENOMENA IN HfGH EXPLOSIVES

It is the purpose of this paper to disouss, in summary formo the

experimentalwork d~ling with the chemistry of surfaeeso whioh has to date been

perfornwd by the experimental group a~ S=JMte. Details and a more complete

li@jmg of data oan be found in the monthly progress reports~ Muoh of this

material appears in the Tedmioal SeriesO
.

Besau8e of their significance in bomb design. th8 greater part of the

work was performed with Baratole and Cyolotolso This report will aonaist.

therefore, almost entirely of a discussion of these law olassea of explosives.

The properties WhiOh Qre of greatest interest to us manifest themselves in the .

t liquid state. Mast of the meaw.zremontshave been performed with the slurry.

Determinations of visoosity and rate6 of shear have been very useful.

The report 5.sdivided into four parts as follows:

&o

Bo

co

D.

Instrument*

Cyalotol Slurrieu

Baratol Slurrie$

Fartiole $iso in Bara%o18

Present and Future-program

●

Vissosity andrate=stress dotmni.nati.om There are,obviouslye a

variety of instruments suitable for visuosity measurements of IL& slurries,

but for the sake of speed and conwenienoe, a Stormer Visoosimeter, modified and

z w=”’”’ : ‘-
I

calibrated by EoR.Lo at Bruoeton, Pennsylvania~ was ohosen. The modified ,ZN!~~,._ 1
. . . ,-

-(X
‘#~
~—b

–k

“-featureis the sub16ti’&tionfQ~ the ~yl$nder of a tvm=bladod p~pel~e; with a

;~g
,. ]

‘k..- ““” ~

~~ ~ ,=j=-~ltoh*o ohos~ as to OauaO a Plight’lift of the JJlwry and thus prmrent aegroga=!.$=O. .{.
‘~ ~ “ tion during a d&&mination (See Plate I)o?= The contabx, a tapered oopper
“’-m3— ●

. !“
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visoosity is to interpolate to 900C from a wider range (5° to 6°C). The

most recent adaptation has been the use of a.oonstant lxnuporaturebatho Unless

otherwise

against a

indicated, all v5soo61ty valuea were taken at 90°Ca
.

Calibration of themodifled Stormer Visoosimeter is accomplished

series of oils, the viscosities of which have been determined by

absolute methods with e~flux type Ifi6008hN?tel%.

Particle Size Determination For routine measurements in the sub-

sitnm range, a Fi80her Sub.Sieve Sizer is tusedo Though this method is quite

rapid, it is admittedly inaccurate and offers results$ ‘thesignificance of

which are difficult to interpret- .

For

partiale size

miorograph6o

slower, but more acourate work, especially for resesrch purposes.

distributions have been derived by direot measurement from photo-

AO CYCLOTOL SLURRIES (TNT=RDX)D

The experiments performed Wth CYO1O*O18 will be dimxssed”briefly In

chronologioul order~ Since tiny lines of ex~rimentation Ofigimtd beoause Of

t~edtite n&d rather thana8 a logioal researoh development, no attempt is

nnde to show toe relationship of one topio to another~
.

Tempsrature Coefficient of Vi8cosity0 Determination of viscosity

over the range 10I*C to 79°fJi’orCoinpofaition+2 indioaked a linear inorease in .

~ = 0.cY70 degree “l.)Qviscosity of about 7~0% per degree drop ( -

Sinoe eucha determinationirn quite time consuming and beaause of the poasibili$

that a portton of the riue Invieoosity maybe due merely toagitatinn of the

slurry for Q long period (duration of the run)P the determination were repeated
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twos. This method elimlnat.edthe effect of prolonged stirring of any one 6ams

ple and showed an inoreaee of 4.5% inviacosiky per degree drop intemperatuz’e

(- &= O.O@deg=+O

Effeat of Time of Agitation

fact that ther$se invisoo8ity, due to

The previoue experiments indiotitedthe

qgitationo was appreciable. Q~ntita=

tive determinationswere made using s-gallon quantities of Composition B and

applying both hand $tirring and mechanical stirringo The results of these
t

measurements are plotted in Fig. 10 It ia obvious that neuhanioal stirring ia

far more effaotive than haIw3st$rring in raising the viscoaity~ It should also

be ab~erved that when aritation oeasos~ the viaooaity immediately aeaaes to

rise or even shows a’tendtnmy to dropo. These faots wuld indioate that the

inorease in vi800sity is due to dispersion of deflooulation or to mechanical

grinding of the RDX partioles tithe consequent inorease of surfaoe area to be

wet by the TNT and that this prooess is. of course, accelerated by meahanioal

agitation as compared

partiOle 8iza 6tudie8

this report.

to

of’

hand stirring. Thin ws borne out subsequently with

Cyclotols and will be disoussod in a latter portion of

Use of Additiveae. .

CompotiitioxxB in an mdeavor

properties of such slurrieso

A variety of sur.t’aoe.aotlveagents were added to

to deorea8etisfopity and to imFBove the pouring

Though low magnitude offeots w~re observed~with

wax, octyl aloohols and stearoxyacetiu

.oationnrather than to 6urface foroeso

ohemhxd point of view sugge8ts that @

. .

aoid, ‘this is due probably to a ~tlubri-

%e similarity of RDX and TNT froqlthe
.

high degree of wetting uan be acoomp~

li.shedwithout the use of wetting agents and even that the wetting oan not bo
..
improved.

Effeot of Additives on TNT, Wlf-seoond Mitroeellulose: The

Stormr Vi8aosimeter is not 6uitable for,~b~?li~j-~v$93e+”~ determinations ira
o ● *.* ●.0 ●: ● ●: ●

● O*
““ ~

.*9 ● *
.* . .:. ● **

● . ● *
.*: .O:

● . ..; ... .0:
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range of TNT. lb~ever, relative results of some aignifi.oanoe

vi8008i*~

TNT O.10 poises

TNT+2 1/2% NaCO 0.15 poises

TNT~5% NOCQ 0.23 poties

‘Thoaddition of Cellulose Aoetate Butyrate to TNT cau6e6 a high

. incme.mseinvi8a08ity as followst

TST 001 poises

TNT+ 2jbC.AJ30 106
.

3$ “ 201

Blending of hmmercial Composition B~ A8mming that the visoosit.y

of Cyoloto16 depends primarily on the partiole sise and distribution of the

dispersed phase, the e!?feotof blending Composition B 6amples of different

viacositicw and of correspondingly different partiole size distributions was

determined. At that period 8everal lots of unpoumble Composition B were

available, having viscosity values as high as 80 poieea~ These Iota were incor-

porated, in varying proportions, with normal Lots of Composition and the

vi!wisi%ies of moh mixtures wero determined. As w311 be shown, the *fiiOle

size distribution for the two typec of slurries differ widely, the high visoosity
.

slurry containing a very muoh higher percentage of *fine8’tthan the normal

APPROVED FOR PUBLIC RELEASE
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Composition HO The blending experiments show a remarhble lack of rise ~

vi600sity with blend composition until a value is reached where the high

visoosity Composition B exceeds 50Y60 by weightO of the mixtureo Below that

point the viscosity does not increase approo.iablyabave that of the lowvis.

cosity slurry. T.M.sphenomenon may be the solution to the probla of dispoe.

ing of unpourable Lots of Composition B. The explanationmy lie in the faot

that the surficearea of RDX is very greatly deoreased in the preparation of

n blend w oompared to the 8urfaoe area present in a high visoosity slurryo

The results are plotted in Fig. 20

~a Related to ViEooaity of ~ clo~ols. A8 a..... .

oonsequenoe of the prcwiou8 observations the problem arose of accurately

determining the particle size of RDX in Cyolotols and of correlating thi8 with

viaoosity~ For highest aoouraay, a mien’osoopiomethod wa8 developed. It wa8

found that a high temperature method whereby RDX particles oould”be observed
.

suspended in molten TNT was not possible due to the similarity of’the indloes

of refraction of the two substances Instead. an extraction method wa8 used.

The prooedure used wae to dissolve the TNT froma 8mall samp3e of Composition

B with a saturated solution of RDX in oho),oroforrsoThe RDX remi.ning after

solution of the TNT is dispersed by agitation and allowed to settle through

the chloroform on to a shallow glass dish. l’heparticles are ~hen obse~ed
.

and photographed through the layer of liquid (For details see Progress Report

.

.

for January, 1945.) It ma fir8t determined photographically that there is no

change in size or shape of RDX orysta18 upon prolonged aontaot with a saturated

chloroform solution of RllXO As a soale, a stage micrometer was photographed

under Mmtical magnlfioationas wore the partioles’ and measurements were made

from this scale. Sincee upon settling, the long axis of tho RIM orystals are

a minimum of

%“
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200 particles were measured on eaoh plate, the average diameter of a particle

.
wa~ taken a6 the distanoe between 2 vertioal tangentso
.

From the Partiole.size distribution ourvea of a number of preparations

i~ is apparent that in the range studiodo viscosity of the melt decreases

linearly with inorease of partiolo size, of RDX~ Figo y-a and Plate IIo

A atudywaa made alao of the previously mentioned inorease in vis-

oosiky wit’hagitationO Fig. 3-B shbws the partiole size distribution for a

melt freshly prepared and a180 for the zame melt after an hour of mechanical

agitatio~. It is obvious that the agitation has oaueed a pronounced decreaso

in partiole size. Though it is not known whothor this effect is due to a

dispersion of agglomerates or to a orystal brwdxkwn, the net result is the

same in either case.

8 Fig. 4 is a

several Composition B
.

plotted cumulatively,

representation of the RDX partiole size distribution for

samplea of varying viscosities. ~he&e ~~rves are

The figure indioates that for all slurries, whether
!4

high or low in visoosity, theva8t majority of the partioles fall into one

region and are of an order of’magnitude greater than ~0 mioronsO The greatest
.

variations in vi8008ity ~eem to be due to the partiules in the range below

.
30 microns. This would appear likely from a mrfaoe point of viewo A oom= “

pogite of these data were prepared, whiohvJw intended IRSa qmcifioation for
.

fiuid Composition B. It oombine6 all the curves of M.gO 4 in the upper regions

.
and defines the upper limit for fine prtiules to yield m ideal nmlt, (For

.
details aee progress Report, January, 19450)

d At this stage9 8 series of experlmenta was perforatedin an attempt to
.

synthesize several samples of composition ~’aaoording to the Specification arrived
(’

. at aboveo

Four convenient size f’ractiionGwere prepared bywet.eieving a sample of

APPROVED FOR PUBLIC RELEASE
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whole RDX as follows~

Arithmetic

.90

Mean of !Jeasured Mean by %
SievQ Fraction Steve Opening8 (miorons) (Photomiorographs) Wol~ht

w: , 200. 112 10505 54.2 .

200 325 59 6303 1303

325 *-- 44 30.3 1601

By reference to Figure IVand through a conversion from a number to

weight bas+s, the Speoifioation oalls for the following ratio$

a

.

The prooedure

wek with 10Ya water [to

stir the slurry at 90°C

&)/100 mo6h 700

‘ 100/200 202

mo/y3 007

Through 325 001
--!m3-

followcd in preparing a melt was to inoorporatc RDX,

duplioate ordname prouedure) to molten Tl?!leandto

for 5 hours. The resulting viscosities were not in

.

.

keeping with those expeoted in that rioappreciable rise in viscosity was

obtained until the ratjo of the finest fraotion reaohed a value of 10G to 2.0,

whereas it WBS wcpeoted to rise at a value of 001~ ‘his result -S due probably

to our laok of aomplete knowledge of ordnanoe procedure. We

that dtsporsion of the RDX will depend upon time of cooking,

ixmperature, batoh size, rate and type of agitation, rake of

know$ for instanoe~

water contentn

inaorpomtionO 8t00

Our method ,was developed with no knowledge of the above faotors in or&noe

prooedme. Nevertheless, the relative results were exoellent as oan be men

in Fig- ~~ Thi8 Graph Indioates the results of a seriee of experiments designed

to dcitmnim tho Gontributt.onof vmioua RDX gridx whenadded to a more aouras

fzxzotion(through 50 on 100). This Praation oonsti.tutesa largo

.--ii” “
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RDX in commorcido low viscosity Composition B. From the ourvea, two facts

are appamntz (1) The offootivenees of any sieve fraotion in inorimsing

viscosity $s indioatod by the slope of the ourve, the finer fraptions having
t

the greater slopes, and {2) the point at which the visoosity begins to inorease

rapidly (&at point at which the ourve leaves the base line) also depend~

direotly upon tho partiole sizeo Thin latter phenomenon probably can tieexplained

by assuming that it is duo to tho greater ability of fine partiole8 in filling
G c

voids left by the 50~00 sieve out than ol?equal woight6 of more oourse parti.

oleso Fig. 5 offers sufficient information for an acourate determination of the

per oent of finm of’any known parkicle size required,

~0/’3OOsieve fraction, to give a desiradviscosityo

Temperature Cyoling of Composition Be In an
.

when oombined with a

attempt to duplioato

4 ordnanoe pellet produotiono all 3aboratory.prepared Composition B samples were

poured OU+ andalkwed to freeze onoe qnd then remelted before.tho visoosity. .

was determinod~ ~eoauso a ~$tinot lowering invisoosity~s noted ~uring thi6

.

.

.

.

pmoem, a further studyzas madeo Various samples of Composition B, both

laboratory preparad and eommoroial. were alternately me3tedand frozen and the

vbmosity determined after oaoh oyoleo The

No. of &k!.@ Cyclotol Comp. B-2 (Ho’lston)
Cyolos Labo Prepired Lot 1.697

——

o.hilhil 25.7 Poises’ 1304 poises

1 15*6 904 .

2 1008 705

3 9.2 6J5

4 900 6.3

5

6

rwjults were Q8 follows:

Compo B4?
Cornp.B-2 (Holston) (Holston)
Lot 1.4@+ Lot 1.684

3tio0 poises 330+ poi8e6

2305 1602

1606 1206

U+5 1008

1400 1002

3269
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The8e data are plotted in Figo 6.

The above results seem to indicate the fact that the phenomenon is

due solely to reo>yatallization. RDX is known to be @j#soluble in TBTat

~ooC. The above p~oess oonsists merely of a series of high and low temperature

cyolos. At the higher melt temperatures the MIX will dissolve to the extent

of its solubilityo It is obvious that due to higher surface energy the smdler”

partiales will dissolvo at a higher rate than the large particlesO Upon coolingD

the dissolved NIX crystallizes out> not in the smll amount of free TNT matrix

present but rather upon the larger RDX nuclei. The overall effeoto therefore

of this prooess would be the elimination of fines and a general increaso in

Particlo size with attendant decrease in visoosity. It was found that tempera-

ture cyoling in the liquid state, without the freezing-out process has a similar

effeot but is not as pronounced?

Rates of Segregation. A logical oonsequenoe of par’tiolesize study

ms the determination”of relative rates of segregation of the solid oo&ponent of

ayolotol t31urrie80 The experiments were performed over a wide varietyof melts

containing both relatively pure RDX grist frao~ions and mitiure6 of various

fraotionso A study of the contribution towards settling of 18+aeoond I?*C*wa8

aleo carried outo The prooodure was @s follows: ‘NM sample was poured ti an

lln height into a glass tube (15 mm (Xl) and kept by means of a oonstant tempera-

ture bath at 8CjoCfor two hours. At the end of that period the supernatmt TNT

l~er was meaaured and the tube allowed to freezes The glass wns then broken

from the HOE.~ and four samples uniformly spaoed along the length of the HoE.

oylinder wero analyzed for oompositionfi From the analytical data ths degree of

Segrag&kiOn& Oaloulated as percentage spread, was determtnedo Analysis indiaates. .

the faot that the segregation phenomenon oan be dividd,

fOlhW6: (See Progres8 Reports, WY and June$ a945,)

into two phasea as

● ,!

WESf==
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a. Segregation downward of the oomplete RDX component to leave a

wpernatant TNT layer and

b. Differential segregationwithin the concentrated RDX uohunno

Neither of the above proces8e8 ia~ neco~sarily,

in faot, the tuo are generally in inverse proportion In

which yield, upon segregation, a large, olear supernatant

RIM region is generally quite low and vice versa.
.

a funokion of the other;

the ease of slurries

the “spreadw ~ the

.

.

.

Naturally, tkis effeot ie acoen’tuatedby the use ofoourse RDX

grists rather than fines. fhe sane is true for partioles of homogeneous SiZeo

The8e results”are apparently due to a “staokingn procesa~ When the partiules

\ are uniform in diameter, there oan be expeoted little settling gradient among

them, and there is. therefore, a likelihood that they settle and “staokN at

tho same rate, giving a uniform composition in the RDX area and a large super.

Mtanio Commercial Composition B shows a eimil~r tendency due to the fact

th!t the averuge particle size is quite high. Yet in commercial Composition

there is the additional shortcoming of a greater degree of segregation in the

RDX layer

the RDXO

dlcioutmed

due undoubtedly to the wide range of particle size distribution in

Concerning segregation as effeoted byviaoosity, this topic will be

more eompreheneively in lW’t 110 It 6hould be noted here that it was

found that an inarease in viscosity of a alurryby +n inorease in RDX aontent

does not eliminate the high snpernatant. Itwa8 de %ded, in attempting to. ?

daorease settlings to raise the visaoai~y of the Iiduid ‘lWTnntrix inatead~

I
For this purpose small quantities of lS3.second nitrooollulose ~re inoor.

porated~ The improvementwrought by this procedure was quite marked,:the

supernatantwae decreased from 15 to 20 mm for oommeroial Composition B to

1 to 2 mm for the same material plus about 0.1% 183.seoond NoC.

APPROVED FOR PUBLIC RELEASE
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Until this point these data were reoorded for 2-hour settling periodse

Since. however, mvem-l oaating prooodures called f’or-intaini& fl~d Portio~

of H.Ea in the mold Sot as high as 20 houre, and because it would be of intereet

to look into the ‘staoking~tprocess, + series of slurries was kept in the molten

oondi+xkm until uomplete staoking oocurredo Fig. 7 indioates the correlation

between absolute vi800sity and rate of segregationwhere the viaoosity variation

i6 aooompliehed by several meohanism6.

Three faots are obvicms~

1. The time neoessary for staaking to be aouomplished is direotly

proportional to the visoasity of the slurry provided that the vimosity gradient

is derived by ohanges in one variable (suoh as NC oontent, oomposifiionor

particle size).

2. ‘ho height of the d+oked layer ofRDX is proportional to the

initial height of the poured melt (ourvea Va and Vb)..

3. A6 pointed out, visoosity variations for Composition B urieie

the only 6imilarity between two melts. 3ndicative of thi6 are curves B

(6-35 Oplotol, ~ -31.2 poises) and III (&-40 oyolotole ~== 38.5 poises).

While the viscositiob of the two are in the same range, *he former nevertheless

staoks far more rapidly and to a greater degree than the latterO the slurrie8

containing the nitrooellulo8e also exhibit superior pouring properties~ having

the more ~stioky consi.stancy= oharaoteriatic of the BaratolsO This subject of

pouring properties will be more fully di60u88ed in part B of this reportO

.

.

Further informationconcerning effects of 183 see NC on cayolotolswith
.

particular reference to law percentage of RDXand detonation velooity will be

found in Group X-2 Progress Report6 for May and July 194,6c. f
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Applioation of Settling Data to Casting proaodure. Xn v~ew of

oasting and machining procedures, the segregation rmults were not alarming.

In faot, a high ”degrseof segregation has been found advantageous in certain

hstamee; speoial procedures have been adopted to exploit fully this effeoto

In the in8tanoe of the composition B inner ohargeO a mathod of ‘t%rercastingtt‘

has been developed whereby the mold walls are extended well above the spherioal

mntour taking tho place of the more narrow ricers used previously. 1?0attempt

is made to inorease the viscosity; the RDX is

oast~ is removed, the supornatant TNT layer

of maohining to the desired aontourO Most Of

homogeneous ‘staakedrtcyolotolo In the ease,

free to segregate. men the

i8 t3implyremoved in *he prooeas

the oasting now oonsiets of

however, of the Composition

lens Overoask, sucha maohining proce66 is not fea6ible@ and the Oaating ?nu6t

poured to the oontour. & suoh an inmtanoe, a segregation inhibiting agent

would be usefu10

In order to te6t the benifits of

to oastlngs, an imer oharge of camneroid

lt33-6eoond~.C. An Idontioal casting minus’

The nitrooellulose improved the “6preadn by

composition B

Density Spread (&oc) n .Q)J

Composition Spread (%]> 2600

●

18~.seoond nitrocellulose as applied

Composition B maa east containing 0.1

the & wis prepared aa a!oontrolo

about a faotor of ~:

Composition B-+0.1$ 183 eeoe NC

0.009

?00
.

Thusfar, some hindranoo has been encountered in the presenoe of oraoke

Wh@0nitrOOellU108e i6 used. &evere

bility for the development of a oasting

Water Inclu6ion. The problem

there appear8 to be an oxoellen$

teohnique fOr 6uoh explo8iveso

of water impurities and moisture

are of relatively minor importance where oyalotils are oonoerned. s*~,

po68i-

oosttesk

howevw ,

small quaratitie8of water are of’prime consideration in Baratols som mention

‘-
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should be made, .byway of contrfiak,of its effect upon oycloto380

Superficially, the influence of Ilaterupon oyolokole i6

grea+ly the vi8cosity~ Quantities of about 150# ~0 have oauaed a

to deoreaee

vif3aosity

lowering by a factor of approximately l/30 The components of cyalotol are,
●

however, quite 6imilar chemically, and aa opposed to the vaxtersoluble barium

nitrato of Raratols, no appreciable attraction is expected between the water

and either the TNT or RDXO This is borne out in the melt~ In a cyclotol

slurry containing water, the latter separates out oomplotely and tends to ooat

(wet) all foreign substence6 towards whioh water exercises an appreciable

adhe8iW fOrC@e FOr h8tanc0, a mf3talstirrer or g~aSiIrod in6erted into 8uch

a Cyclotol will, when removed, contain a film of water rather than Cyal.otol.

It ie practically

or metbl rod. In

a film of water.

visoosity of 8uoh

impossible to ‘dip out” any quantity of slurry

all such instances, the rod appears to attraot

It is, therefore? justified to assume that the

using a glass

preferenti.ally

apparent

a slurry ias rather than a true value8 something due to 5.
\

lubrication or slippage. Offhand it appears $mpos8ible to measure viscosity

under 6uoh oiroumstanoes”without radically altering the method. In any type

of determination whether the measurement is aooomplished with a shearing

propellor or an orifioe or falling body, the above shortcoming will be present.
\

A method is being planned for determining the truo viscosity of mziter+olotol

81urries0

B. BARATOL SLURRIES (TdT-Ik4N03)2)0

. Shear and Pouring Properties~ lt is known that lharatols~nhen pr~per.

Iy prepared, exhibit pouring properties that are superior to those of CyOIO-
.

,tiols~regardless of absolute vi8cosity vaiues. A Cyolotol willeoquire poor

powMg qualities B%vimeaities above )+0poises and will beoome unpoumbleat
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viscosities of 70 to 80 poise8. On the other hnnd, it was observed that
o

Baratols will have a high degree of pourability at extremely high vi6c081ties

(200 to ~00 poises)o The diff&e~e ~iCJSin the ‘lstickyconsistency” Of the

Baratols.
.

A short discussion of general dispersion properties would be of value

at this point since the various olassea of Baratols which are prepsred for

researoh purposesrepresent virtually all categories of Dispersions and F1.ocou),a- ‘

tions. Little xnentionhas been made of these properties until this point as it

will be more holpfil to oompare the Rheology of the Cyolotols and the various

Barato16.

Various finely 8ubdlWf.dedmaterials exhibit vastly different rhoologi-
,

● oal characteristicswhen tioorporated into small amounts of liquids in which s

they are fairly insoluble. This ks been found to be the cast for Ba(N03)2 and
.

for RRx. It is known, for instance, that far moro Ba(MO )2 can be incorporated
> ,3

into.TNT (containinga 5mall quantity of nitrooellulose) than oan RDX and, alsos

that where no nitrocelluloee is presents a relatively small quantity of Ba(I?05)~

oan be incorporated to yield & fluid melt,

be studied qualitatively, as in the pigment

less subjective methods. Our own procedure

Slurries of 8ugh oonoentrations uan

industry, by a variety of more or
. .

has been toadapt a Stormer Viscosi-

meter for the determination of rate.stres6 information This instrument enables

one to determine the responses as rato of ehear,I to a range of torsional forces.

A plot of shear rate against.driving force reveals to us the nature of the

I liquid. Slurries can be divided into three main
.

10 Those inwhioh the solid componeut

.

classes aa followt

is in a very highly dispereed

‘his type of slurry is often I
referred to as a ‘tfloooulatedrtsuspension

~
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~o Those in which the dispersion stite is

above two.

The degree of dispersion of finely divided

matrix depends upon the affinity or, more oorreotly,

intermediate betweem the

solid particlee ina liquid

upon the adhesive foroes

at the liquid solid interface The theological prop~rties of a slurry oan be”

defined as a resultant of three surfaoe forces:

lQ .Zhe adhesive

2. The oohesivo

?. The cohesive

Where Fle exceeds F~8, we

partic~eso In 8uoh a case,

~oroe exerkixibetween liquid and solid “(F~&).,

force between 8olid particles (F8~). .

force or consiakecoy of the liquid medium.

find a strong adhesion of’the liquid to the solid

the angle of contact is zero, or very nearly soo

The molecular orientationafi the interface is such that Fs. becotie6negligible~

there i8 little interferenceamongst the solid partioles tiioh are highly

clispersed,and complete freedom of flow or shear is allowed. Such a 61UITY has

the property of a ‘true ViSCOUSn or ~’N@onian” liquidp It is ohara&erized by

a linear rate.atreGs curve which passes through the origino (See Fig. a - 1,20)

In such liquids an infinitesiniilstress inorement causes a corresponding

infinitesimal shear.
.

If, on the other hand, F~8 exceeds FIG, we have an example of poor

wetting. ‘he c$ontaotangle in such a c&se ie large; a liquid film’is not firmly

held. in this oaee it requires a larger’quantity of liquid to “wetn the solid

thn in Me case Of a dominant Fle. In a dilute 9U8p0n8i0n of thi8 t~e there

would ba a tendenoy toward flocculation and increased rato of precipitation of

“the6olid aggregates. In slurries of extremely high aonocntmtion of vhioh.
.

13aratolaand Cyolotols are an axamploa thi te~denoy instead is for the setting

. up of a structure maintained by the cohesive foroes between the solid partioles.

Yhe mgnitude of the strength of this structure is indicated by the ‘yield YAIu61’
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as determined with the viscosimeter. This faotor represents the minimum force

requirad to cause fluid“flowfor a particular slurry. (See Fig. !3--~,~~)

Further mention will be msde of taese properties It should be

mentioned here again tht micropulvorimd Ba(NO ) cmnot be incorporated into32
TNT without the use of a

differanoes, chemically,

effectively as a wetting

highly polar group and u

wettiingagent. This is not surprisi& in view of the

between S3a(N0)
52

and TMTo Nitrooellulose serves very

agent for

non polar

direction at the interfaoe between

Temperature Cycling. In

it was observed thd freeaing of a

this system. Such agents”generally have a

group which orient the mol.eoulein the proper

liquid and solid.

oonjunotion with general Earatol preparation

Baratol containing O.l$stearoxyacetio aoid

followod by remelting oauses a very extreme rise in visoosity, omen to a point

beyond the range of our instrument. The Baratol under this treatment loses the

small degree of translucency which it normally has and aoquires a more .~ale

ooloro Microsoopio examination octhin films of such melts revealed the presence

of numerous small gas bubbleeO See Plate IIL(For Zetails see Progres8 Report .

i’opJune, 194%) l!hisphenomenon is lacking in

stearoxyaoe%ioacido The mechanism is, as yet,

non oan be explained as a “stirring in” of air

of adsorbed air from the Ba(NO ) is not knowno

32

Baratols which do not oontain

unoertainT Whether the phenome.

or, more likely. as a release

As canbe seen from Plate SIX,

there is a distinct correlation between air oontent and density of the cast H.E.

The presence of such air ina melt may well oause a density gradient due to

upward segregation of the bubbles. St should be pointod out *hat melts con%ai~

i.ngconsiderable quantities of air acquire very high yield values. It i8 a160

well known that stearoxyaceticaoid tends to stabilize air in a Baratol melt.

Variation of Nitrooellulose Content.

detonation rate of T3aratolto the extrapolated

In order to increase the

value for Baratol 70 and still

~
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provenk exces6ive settling~ n series of “experimentswas inaugurated whoroby

the nitrocdlulose oontent wsssvari.cd. It i6 knoti that a nouraole Earatol

wuld not be prepared without the in~orpo~tion of ~itr~cell~lose~ Since the

expectation for a 70~ Baratol withthe,usual 001% nitrocal.luto8e~~s a

prohibitively low viscosity (at least from the point of viewof settling),we

[Yxpectcda sharp rise in visoosity upon lowering of the nitrooellulooe content

frOLIlOol To toward 0$0 !fhefirst seri~s of runs was ~de with pure cotton

~~.nt~rs~trocellulose; the,rjecondseries oontained nitrocellulose of lot #’$257,

of whiah there is some doubt butwhioh V:Obelieve consists of’~0~0 wood pulp

Figure 9 indicates theni~~~~~~~.uloseand ~Oz cokion lin.tersnitrocellulose.

‘ai’feetof varying quantities of two types of nitrooollul.oseupon 70% EJarato10

It should to noted that & minimum in visoosity

dOO& O.OF~OnitrocellulosoO

It should be emphasized that, though

ia obtained for approximately

equal visoosity valu~s may be

derived on both sides of tho

9U1OW and above O.O<~O)O the

~$ontentare vastly different

minimum point (i.e., for nitrocellulosu values

properties of a slurry having a low nitrocellulose

from one of equal visoosity but having a high nitrc.

nellulo9f3aompoaitiork

poor pouring properties

oitrooellulose contont.

Melt8 having an insufficiency of nitrocellulose exhibit

and high yield values? the latter being inv6rse to the

On tho other hand, SIUrriOS containing an excess of

nitrocellulose can ho olas6ed as “Newtonlan~n il~~~tion of the data leads us

to ooncludo that the phases indicated by the two branohes of the curves in Fig.

~~represent two complotoly different phenomena~ The low nitrocellulose branch

Gan be explain~ on the basis of surfaoe actiono Since viscosity and yie3d ●

values deorea6e upon the addition of nitrocollulose until the 0.05$% value is

reached, we believe that complute wettin~ is not accomplished until that point

is reaohed, On the other hand, wetting has been accomplished in the high n’itrk
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ue3.lulosebranch of the ourveo ~here, the viscosity rise is proportional %0 th
.

nitrocellulose oontento There is probably no surface action here; the viscosity

of the TNT matrix is simply increased by tho nitrocellulosewith a resulting

increase in viscosity of the melt. These data were colleot.edfor Ba(N03)2 of

9 p to 10I.Lavera;;ediameter6 (Sub Sieve Sizo ). It must be pointed out that

the curve would be displaced, depending upon the partiule size and distribution

since variations in those factors yield large variations in total surface areao

Effect of StearoxyaceticAcid. Hitherto, stearoxyaceticacid had

been reported a6 a viscosity-loweringagent for Nu’atols. ~11 tiarako16tested?

however, contained the oustomary O.l~nitrocel lulose. .LnVieW of rea”ultswith

waried nitrocellulose content, the phenomenon was studied further. Here again

the average particle size of Ba(NO )32 was from 9 to 10 microns.

% ws discovered that 6mall Quantities of stearoxyacetia acid lower..

-theviscosity only when the nitrocellulose content exceeds 0005Vo o f?tvalues
,—— —

/

~ -- )5$3nitrocellulosethe viscosity is increased with addition of stear- -
;$.

~ aoidO Thj.sincr~se i6 inver8e to the n.itrocellul.oseoontent. At

~

; 1!

& ~ ~ kdlul~se content“cf 0.002$ the stearoxyaoeticacid (0.1~e ) raises the .

“~ ~{ iyby600%~
~~

The properties of molt6 containing stearoxyacetic acid

I ,ethose of melts deficient in nitrocellulose; they kve appreciable

;f :
‘alue6,depending upon stearoxy,aceticacid content and time of incorpora-

j jj+

1
keference to Figure 9 might give some clue to this phenomenon. It i6

~_

believed that stcmroxyaceticacid displaces the nitrooellulose or oouderacts

>ts effeot.

displa~anent

ViSCOSiky tB

Whether this is due to a ohemical reaction or merely to a @lysicR7,

is not$ at present, koown. From Fig, 9 it is obvious that the

6omewhat hi~hcr with O.1% nitrooellulose than at the point of

completeW9tti)3g0 IfP as we believes stcmroxyaceticaoid displeoes the nitro.

cellulose, then it is”not surprising to fi”ndthat e&ll quantit
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stearoxyaoetioauid cauee an initial

removal of nitrocellulose that is.in

oxyaoetio acid ia added *O a 13aratol

.-

v~saosity lowering. ~he ~ffwt there is a

excmw of 000570 e HOwevcr$ if stear.

containing less than the required 0005 %

nitroaellulose,the visoosity and yield values rise radiaally due to the faot

that wet%ing is now imompletee It was found, too, that these ohanges are

dependent upon the quantity of stearoxyaceticaoid added. For instance$ 002%

stearoxyacetioauid will go beyond the minimum point and raise the viscosity

and yield value of a slurry containing OO1~OLN.C*g Experiments designed at

d\sooverhg the nitrocellulose-stearoxyacetioacid relationships are planned.
.

Here again the average partiole size and distribution is a controlling faotor.

Rate of Stirring+ Sca3ing0 In order to avoid discrepancies between

larg~ ‘tProduotion”melts and laboratory-scalemelts, a series of experiments

was designed to study the effects on Baratols of stirring and scaling. In

~tudying stirring rake, an atte!nptwaE made to keep all factora constsnt~

though this is a di??f%ult task. Sweral series

3-gallon kettles. The M(N03)2 was Mended ina

identical particle ai~e distributions hall the

stirrerswere used~ temperature was controlhde

of’melts were prepared in .

Hobart Mixer in order to insure

melts. Identical type

A strobatac -S utilized for

adjustment of speed. The stirring rate was varied from melt to melt between
.

90RPKto 360 RPXin4 equal intervals It is noteworthy that these rates .

.
represent the very 8Xbr~eS in $tirring rate fOr a ~ogallon Sy8tCme The

lowest rate was just sufficient to prevent segregationwhile the highest rate

was adjusted to give maximum atlrring, ye% not reauh the

The results indi.oatethe fact that there ia no

aifferenoe in Baratol 73A ( no stearoxyacetio said) but

%hipping” stage=

appreciable viscosity
*

that the viscosity and

yield value of Baratol 73 (O01Y6 tdxsaroxyaaetic acid) rises rapidly with stirring

rate and durationo ‘fhemethod that has been adopted to eliminato thiS deorease

in pourability is to add the stearoxyacetioaoid after the melt has been

m
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prepared

13a(No3)2

Stirring

and only 10 to 15 minutes before the pouring.

‘NM scaling experiments were performad in a similar mannerO Eere the

was again blended, but the batoh size varied from 150 gms h 120 lbso

rate VRW kept oonstantO Very little difference in visaosity was obst?r.

vwii afte~ 2 hours :

Batch Size

200 gmso

15 lb6.

30 lbse

120 lbeo.

150 gins.

15 lbs.

30 lbs.

120 lbs.

KcIlt

73A

7% .

7?M ,

7%

73 .
.

‘n .

73

73

Vi8a08ity (poises)

38.2

3602

3%3

~.o

2&7

21.4

qlal

2109

It nuy be ooncludod from these results that various engineering considerations

concerning agitation of HoE. melts are superfluous at last from the point of

view of dispersion,sinoe any ohangeisin agitakion by varying propeller pitoho

depth of immersion~ angle, eto., fall easily within the Ilmits worked with in

the exporimentsO A type of stirring whioh would dearease air inclusion would

be advantageous, sinoe SAA apparently stabilizes air in khe melt.

Effeot of Average fhrtiale SizeO A series of experimental grinds

was preparad by miaropulverizingBa(N03)2 ta batohecivarying in average partiole

size from % to 13w. These had normal distributions? unlike the sieved NIX used

in previous similar experiments. For 10 samples in this range there wa8 found

to be a linear relationship between vi,saosityand averape particle diameter (as

maasured with tho Fisher.Su&Sieve.Sizer).

T~OOOS~~Y varying Z poi8e8 with a 1 miorcm

The variation is, of oourse, inverse,

variation in average partiole diameter.
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~a(~03)2Composition. A 8fiudyvxu5made of the var>ation invisoo6ity

of Baratols with ohanging percentage of Ba(N03)2. It was fouti that ti~ereis uo

appreciable rise in viscosity until a composition of @%Ba(N03)2 is reaohede
.

Thereafter the visoosity rises extremely rapidly (see lpig.10). This is

obviously dependent upon the ratio betweentlw solid and liquid volumesO

At lower concentrations the Ba@07)~ w.ists as a tilut= suspen8ion0 OnlY at

&lzfs its volume sufficient to cause enough lnterferenoe to particle motionto .

raise ‘bhevisaosityo

Water Inolusion. Baratols reaat toward water in a manner opposed to

the Cyolotols= With Baratols there ocours a very sharp deorease in pourability

and, nith the addition of 001% ~0, a complete ge3.la’M.on,This is not sur=

pri8ing in view of the surfkoe properties of the materials involved. Rkter

wouldbe expeoted to have extreniolyhigh attractive powers toward ~a(N03)2 a$

evidenoed by the solubilityof Ba(N03j2 in va&. This is decidedly higher

than the adhesive force between the T~n and Ba(NO ) .temn W+th the added 8ur-
.

32

faoe aative agent, nitrooelluloseO Hence, wa would expeot the water to be

preferentiallyadsorbed by the BB(N03)2, thus displacing the TNTD App=ently,

0.1% 1$0 is sufficient to doat the Ba(N03)2 surfaoe. ‘inoe, howevera tms SY8-

twn lacks a continuous water matrix (i,ei.,water filled voids), it does not

4act as a liquid slurry but ra her as a “paakedt’mass. If, to mmha ‘gelR a

high @!.0e6sof rater i8 added,the !lm 6emmh3 Out as’~ dietino~laYer* leaving

a “slurry” of Ba(N03)2 in a water solution of Ba(N03)20

It has been found that prolonged heating of a slurry”containing small

quantities of uater will lower the vimosfty end tend to bring it to norma10

This is

co

oauaed by a boiling off of the watere

PARTICLE SIZEDETERMINATIONS
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It haa been mentioned that a Fisher.Su&SieveAlizer is used for

partiole 6ize determinationof pulverized material in the sub-sieve range.

This instrument &s been found none too adequate. A superior method would

the application of photomicrograp~, but this is both time-ctonsumingand

be

inconvenient. ‘ince, also, the particle 8i8e distribution is micropu]verized

Ba(NO )32 is very large (1oO-1GO.OW) (see Plmtelt), poor resolution is

attained at higher magnification due to the limitation in depth to the fooal .

plane. ‘he Sub.Sieve.Sizer is in essence a permeability measuring instrument.

GL38, at oonstant pre88ure, i8 foroed through a paoked eample (den8i~ weight

packed to 100)o %e re8istanoe of’the &nple is registered ozia flowmoter arm

against a speaifioally prepared ahart whioh reads direotly in mioronse ‘i!he

inatrumnt must be calibrated against standard materials. St is significant to

note, in view of the Los Alamos altitude, that the instrument must be calibrated

here and not shipped already calibrated from sea levels 8inoe the pressure diff’er-
..

ential aoross the sample till vary with variation in thctlow sideo‘ ~he Sub-

Sieve-Sizer gives an ‘taveragepar$iole si~o.tt Suoh a figure h of littlu value

in slurry work shoe it gives small indication of distribution and 8urfaoe0

Furthermore, the “standard wterislt’ recommended

an aluminum powder having an ‘averageH Of 2006 p

distributionand peouliar partioIe shape (Plate

by Bruceton for calibration is

but having also a very wide

V). As a method of standardiza-

tion, mmple8 are required forwhioh the partiale size 16 very aoourately knowno

$uchssmples were produced bya variationof the method of Sollner (Ind. and

~g. Chem. Anal, B&, as @9s 1929)0 Thi6 001MiBt?3 Of pU}.VO~i%hg @MM
-

tubing (Ball Mill) and then allowing the powdered material (dry) tobe oarried

as part of the oxygen supply through a blast burnero (See Rogresa Reports for

MarahmdApril, 19460) The pfiia~e8 are, Of oourse, melted in the fl~es

which results in their @ssuming spherical Shape. These spheres were oolletoted ~

f
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in water. Narrow outs (to 1 p) were separated

‘~
by sedimentationa ooording to

oalaulation from Stokes LawQ Suoh i’ractionamrying from approximately 3 1A

to 20 1Awere used for oalibration. Miorosoopio aheoks were made (Plate “V)

At present, a colorimetrio method is being developed for the deter=

mination of apecii% surfaoee It is Msed upon adsorption of soluble colored

materials from a solvent to the pulverized mterial. ~hanges in optioal density

are measured by mans of a 13eokmann SpectrophotometerO

In using suo~a method it is desirable to find a solubles oolored

substanoe whioh is strongly adsorbed upon the pulverized disper6ed material in

question. A variety of organio

dilute solutions of Iodine in C

discussion of the mebhanism for

dyes are possible. W-ehave ohosen, however~

Clh sinoe the ohcmioal literature oontains a

this ad80rption~ It is possibles with the use

of’various fraotiona of the miaroaoopic glas8 spheres, prwiouoly prepared~ and
.

9

for which the speoifio surfaoe is very aoourately known, to test and calibrate

this method. Sinoe Iodine is adsorbod also on the Ba(N03)2, a method may exist

for direotly determining 8peaifi.osurfaue of BQ(N03)20

If, however, the adsorption meohanlsm is not similar for glass and

Ba(No3)2 (ioe. equal 8urtioes of glaes and Ba(N03)2 will adsorb different

quantities of’Iodine~ the relationship of the tiomeohani8ms may be readily

determined by the use of one aa.mpleof nitrate whose suxfhoo i8 accurately

known. (Air 6eparated, and oarof’ully photomiorographedand measured).

D. WORK IllHiOQRIMS/ PLANSq

Several additional experiments are in progress. Of prinnry importanso

is an attempt to find a measure of the elasticity and ten8ile strength of a

liquid stream. The problem arose due to variou8 considerations of pouring d.lih

slurries from s.kettle into the riser of a moldo W the numerous melts which

have been prepared and 6tudied, a rnwber are oonep&ououa for their peouliar

qualities. Thit property of very poor pourability oroomplete unpourability

-
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despito low or moderate viscosity value8 was observed first in melts whiah

. oontain low nitrocelluloso contents or high stearoxyacetio ao~d

situation could be aocerdmated to a point where a slurry aould

will whiuh would be as lowinvisoosity as 15 poises but whioh,

oontent8. ‘l!hlx

be prepared a~

neverthele8E!,

wvuld not flow from a stirring ro& Rather, suoh slurri.eawould break off

piece by pieoe rather than flow in a continuous stream. This as previously

observed is aharaoteristio of melts having high yield valuea aa opposed to

Newtonian fluid8~ Vi8u08ity variations (even where the liquids are ‘tNewtoniann)

may ooour due to a variety of faotor6 suoh as composition, partiale size of the

861id Oomponent, ~ernpc+ratureosurface taotiveagenta, eto~ we know that sqrw

gation and pouring properties of 8ucn slurries maybe vastly different though

tiheabsolute viscosities are identical,

( give ao~e measurement oft+ property in.

of allowing the slurry to flow through a
.

air. Depending upon the ‘elastioityn or

me method devolopedby thewriter may

question~ In principle, it oonsists

sta@ard orifioe and drop through the

the oohesivo properties of the liquid.

the fmlling stream will remain unbroken for a speoifio length and then beoorm

discontinuous. A high speed photographic method utilizing a &as==filleddi6char~e

tube has been deweloped to measure the distanoe through which tho falling

stream remains unbrolcen~ ~ho oon%ainer for the molten slurry is steam heated..

Caution wi.11be taken to.reoord data for a 8tandardi2ed hydro8tatio head. It

i$expeoted that melts will be prepared over a nange ofviscositioe by adjusting

all Variableao Data will then be aooumulated to show difl’eronoosin the

oohesisrepropertied of variou6 slurrie8 hmr%ng ideatiasd vi.eooaitges. It 18 of

intereds to note that the method maybe used as an indioatidzof the tensile

●

strength of’a Ziquid column. This eyetem maybe oompared to a &ensiZe stirgngth

testing apparatus. Sincethe orifk is standardised, the initial oro8s aeotions

of the samples (in thi8 caae

of a xmhanioal form aoting

a liquid oylinder) oan be considered oonstant. Instead

to separate the sample, we have here tho foroe of

-
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gravity. %noe this force is constant whoro the foroe exerted in a testing

devioe is variables the length to whiuh the oolumn extends itself before

breaking will here by the indioatio~ of tensile strength {see Plate VI).

The method may be of use indetermin3=ng ‘yield value” in hydro.

static units rather than gram units as determined with the viscosimetor~ Pre.

liminary experiments indicato that whona quantity of “plastioffslurry is run

through the devioe, it flows until the hydrostatic head drops to a limiting

oonaLiered the “yield val.uef’sihce it must be exceeded in ordar to induce flowo

This ia a muoh more convenient figure than the vi800sLmeter value, since yield

value is the controlling faotor in “feed” during casting prooesseso Here,
.

where the riser either conta~ns a sufficient or ineuffioient height of slurry to

● “feedti,the hydrostatic units would be ideal. With the aid of our set-up a

.

.

conversion faotor may be derived

head yield values.

A seoond experiment is.

between ‘Skormer” yield value8 and hydro~tatio

aimed Qt quantitatively determining the

adhesion tension and oontaot angle between TNT and the suspended solid. The

apparatus in use is the 13artallGell~ The method aonsists essentially of

measurements of pressure on a liquid exerted in opposing the capillarity of ●

paoked solid material in the oello The method is ?xumd upon the fundamental

oapillary equationz

‘- *-+
where; S -Surf&oe tension

p=-Pressure in gme/cm2
g-gravitational oonstant
d-= liquid density
h- height of capillary rise
r= capillary radius

For finite faontaotangles the equation i8 as follows:

+
S1- w where e- oontaet angle

G08 881 Sl==liquid uuri%ce tC’218iOn

_\
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-n-

Subsoript s i8
1 is

solid
1iquid

The first.,stepis the ddX3rIUi~ti0n

r- pore radius of paoked makorlal.

of pore radius by using a liquid having a

zero oontact angle. Aft- this ~lUS ~S bsen detormi.nod, it oan ba used for

determining 6 for other liquids. Knowing e, the adhesion tension can be deter.

mined by substitution in the following equation:

wherex A*1== Adhesion tension between solid and liquid
S~ -Solid surfaoe tension
S.I= Mx3rfaoisl tension

K - liquid eurfme

For finite oontaot angles the equation

expre8aod’.as:

tension

for the use of the Bartell Cell aanbe

References: Colloid Sympo6ium Annual ~, 139 (1930)

Inc&kg. ChexnoQ, 1277 (1927)

Ind. &g. Ciaem.21,~, 1102 (1929)

J. Phys. Chem. ~ ’543(1933)

J. Phys. Ch?m. ~ 15ci3(1929)

Sinoe surfioe tensioa i8 an essential variable in the uquationa for

the Bartell Cell$ it was neoeseary to f!ipda suitable method for determining

surfaoe tension of liquid TllTand TNT.nitrooellulo8ecombinations. Considerable

effort ms put forth in testing the ‘bubble pressuref’xusthodand the Du Nuoy

Tensiomter. De8Pit~ osreful temperature control of themlted TNT, little

reproducibilitywas

TdT~s ~ere f~~

in the ease of all

obtained for TNT containing nitrooellulose~ Only for pure

to be any reproducibility. It is suspeuted that hero, as

systans containing wetting agents, an orientation must

ooaur at all liquid-solid, Iiquid.gas interfaoos,

funotioklaof time %ce both the Bubble ~rewwire

——
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.

. Msthod are dynamio determinations,

-2t3n

the system is in a state of flux during a

run, and as a result, there is a 10s8 of’reproducibility A third methad has

been deoided upow..the Pendant Drop Method (Andr@ws, Hknser, Tucker, J. Phys,

Chem. .!$?,1001, (193.9)) %re~ a drop of liquid is allowed to hang pendant

from the tip @ a oapillary. Photographs are

source and from geometrio oon8iderationsa We

mined very accurately. Tha advantage of this

~statio,” and thg drop Si%e is not oritioal~

taken, u8ing a parallel Mght

surface tension can be deter-

method is that it may be oon~idered

‘furthermore,a time study may be

mado of the effeot upon surfaue tension of slow changes in orientation till

equilibrium is reaohed~

There are a varietyof additional experiments planned, which will

appear from time to time in the monthly reporteo
.

.

.

.
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