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ABSTRACT | . . & ipissiEs
An outline of the work which has b been done to date oj ,thev
determination of the chemical ¢onposition of bonded slow explosivés gl
. is presented. The explosives “considered are & mixture of . .o N
ammonium picrate-barium nitrate-plastic, a mixture 6: T N T. St e W
) % barium nitrate-plastic, and various H#stal Ppicrates gin an’ ﬁiibonded ;{_‘ L
condition). Préliminary data are presented which indicate that '
the dquantitative determination of these individual components, and
DRSS I it - 2
water, by the methods developed, is pos§ible. .. . ammw-';m TR, WA Ty
i
o ~ e N
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PROGRESS REPORT ON DETERMINATION OF CHE’HIC]L_CUEPOSITIOFT;_"W_”—."-—._v”_—‘
OF SLOW EXPLOSIVES ' ) L

February 5, 1946 j'?%:f o

Introduction ’ - CooTa e - B . i
On the basis of preliminary experimental work (6) 1t wag Telt = 1
that a bonded explosive mixture consisting of Ba(NO ) 2, a ﬁitable

:4wx‘a&f, 3"

explosive (either agmonium picrate or ?T,N.T.), and a therﬁiég_tting 'f'fff"fji

rlastic of the phenol-formaldehyde, resorcinol, or melamine type ~ 71

e e

would most likely be used. In addition, 1t wad~thought sdvissble ~~TTll

to prepare and test various of the metal picx“a‘teé'. Inasmugh a,s ,T”f’“‘vfé““"

P e wevsweas . reaw d

the reproducibility of the explosive pi‘épér”ties of the;e mat_erlaﬁls..m;_." S
depends upon their themical cdmpo§1t1¢n; ‘the necés‘élﬁ Tor the .~ m

composition became apparent. This repo¥t deals ﬁthb {;hg,_d_gxg_lgp-

ment of these methods. ... . i LT RTINS

- general Method of Atack . C ITiMTINIIUATE

A. WMixed Explosives S SR A SR -~~~

3 -
- JRE RIS AR Ny

amounts of the individual cofiporients of the two "mixed® T —
explosives (T.N.T, ~Ba(NO, ), piastic and " YT ‘
Ba(NO3),-plastic) could ge ,mggg, it wig T T
find a medhs of sepafation of fhese"'éBTﬁb“’fs. The "ﬂifd - RN
which at onde fhggested“l’fée‘l? umo ‘g ' T

“:7‘ =

—_Accordingly,” fhe ‘individual com’ﬁﬁnéﬁ‘i (béfore “bgnd;gg') wer’é i’"”‘

.—,wL

e - APPROVEDEOR PUBLLC RELEA

The Tollowi,ng table ifiEFives the regshlts obtalned in ; ]
the case of thode §& ver '—‘_ ' o ":_

’ué"”t‘d to the action of Ys}mgqlventama' f’hts. o
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TABLE I

Effect of Solvents on Pure Components

Solvent
}ure Component NH4OH(con) Acetone H20 (C2H5)20 CHJOH CHCl_-3 06H6
2ga(NO.) 5ol. Insol. | Sol. Insol. Insol.|Fartly| Fartly
32 Sol, Sol.

T.N.T. Fartly £Sol. | Sol. Inscl. Scl. Insol.|S30l. Sol.

rink Sol'n. | Pink

Sol'n.

NH4 Picrate col. Insol. | Sol. (hot)| Insol. sol. Insol.! Insol.

ited Soltn.
Uncured Sol. Sol. Insol. Insol. Sol. Partly| Fartly
hesorcinol Red Sol'n. Red (slow)|s0l. Sol.
Flastic Sol'n. Red

Soltn.

Fartly Cured* | Sol. rartly | Insol. Insol. Fartly| -~--- ——
Resorcinol . | Dark Sol'n.{ Sol. Sol.
Flastic .

*Heated in oven at about 105°C for 36 hours. It was later found that this

temperature was too low for curing.

The above descriptions as to whether a component is
soluble or insoluble in a given solvent are strictly quali-
tative, no attempt having been made to determine quantitative
the degree of sclubility. The appearance of a pink, red, or
dark color is indicetive of decomposition. .

From Table I several differeﬁt methods of separaticn are
at once evident. However, certain of these metnods which
involve dissolving of the plastic had to be abandoned when it

was shown that in order to obtain the required mechanical

APPROVED FOR PUBLI C RELEASE
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strength, the plastic must be completely cured. This complete
curlng renders the plastic inert. Thus for the cage of the
cured T.N.T. mixtures the following procedure should be the
most satisfactory: <

1. Dissolve Ba(NO3)2 in H,0.

2. Dissolve T.N.T. in (02H5)20, CHCl3, or CgHg.

3. Leaves plastic,

For the ammonium picrate mixtures:

1. Dissolve Ba(NO3)2 ahd ammonium picrate in hot H,O0.

2. Determine barium chemically.

3; Leaves plastic.

A number of rough determinations on the mixed explosives
were run in order to determine ‘the applicability of the above
methods. Although.some difficulty was experienced in diSSOlVing
the ammonium picrate mixture (this was accomplished by the use
of bolling and stirring), these methods were found to be suitable
for' the separation of the individual components. These preliminary

runs, in which the percentage of the individual components was

- determined by weight difference only, brought out the need for

the development of suitable chemical means for the quantitative
determination &f these compohents in order to achieve a satis-
factory degree of accuracy.

This problem was simplified at this point in that it was
decided to discdhfinue development work on the T.N.T. mixture

dge to its inherent disadvantages; the low melting point of

-7‘.';";3,'

T N. Tt_makes proper ¢ curing of the plastic impossible.‘ Thus
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“‘\'5_:7 . m_}_t&_ yvgﬁ necfssary 16 d’evéiog_ﬂm_"%ﬁ'o"a’" for usé m; h ‘the ‘ammonium

Eg ' ", picrate mixtures 6nly. Analysis of the problem idaibated that

§§ ' filf#wmdixecf determination of barium and nitrogen "should be suffic;ent.

B. Mbtal Picrates T T.._..::.,_“:'
The work on the metal picrdates was undertaken at a some-

. what later date than that on the mixéd explosives.' In this

connection it was realized that water would have a “profound

effect upon thé explosive characteristics of the pilcrates.

Therefore, In &ddition to finding a setisfactory'method for

the determination of the picrate bresent, a great deal of

effort was expénded in finding & suitable method for the

determination of small amounts of water.

Determination of Barium

.For the direct determination of barium in the ammonium picrate
mixture, the'volumetric chromate method was used. This method
consists in precipitating barium chromate in a neutral solution
(found to be preferable) or a solution buffered with a mixture
of acetic acid and sodium acetate (21). This precipitgte is then
washed with water, dissolved in didute hydrochloric acid, treated
with potassium iodide, and titrated against standard thiosulfate
to an iodine end-point. Other investigators (4, 18, 25) have
shown, as have these experiments, that the following precautions
are helpful: |

1. To prevent oxldation of the iodide by air, and st the
same time to allow the reaction to proceed, the con-
centration of the acid must be malntained around 0.2 N.

Thus 1t is recommended that the precipitate be dissolved
in esdilute acid as possible, the potassium iodide then

be ddded, ‘and the finaj “cgngslitration of’the éhgm_tgggr“",_,mﬂ;,

be adjusted, e 1+ SR8 T

TN
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c T T2, AlloW'sufficient time "for the reactlon to proceed.

N 3. Add sufficlent potassium iodide.

A fairly large number of berium determinations were made
using both the ammbonium picrate mixture and barium picrate.
Table II 1ists the results which were obtained. N
TABLE II

Deternination of Barium

I3
)

Run # | . j_ . Bubstance | 4 Barium

i )

1 | 75% B%(NO3)2 - 25% NH, Pic. - Resin | 37.15, 35.21
2 |Ba Ficrate . ' 22.59, 22.21

w

Ba Picrate ' 23.20, 23.26, 22.86
TR (maximum possible for

pure Ba Picrate =

! : '
o | 23.15%)

4 |Ba Piérate% | ' - | 22.23, 22.09
5 |Ba Pi%ratef 22.22, 22,21
6 Ba(NOé)é Resin | 48.20, 48.27
7 Ba(NOsi)2 ~;NH4 Pic. - Resin . 9 (approx.)

A check sample was run with a known amount of dried reagent
grade Ba(NO3)2. The error was foﬁné to ‘be 0.85%.

Considering the results of Table II, Run #1 was a sample of
75-25 Ba(N03)2 - gmmonium picrate-resin explosive., On a barium
nitrate,basis,'these results are 75.16% and 71.?4%. The error
is due to mechanical loss brought about by using too large samples,

thus necessitating excess washing.

&

APPROVED-_5OR..RLBEL: £
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Runs 2-5 were made on Samples“bf'béfiﬁifiﬁﬁfﬁfe rrepared by - e

Julius Feit. ‘411 ‘samples were Supposed™to be the same

apparent difference being due to the Varylng 1éngths of time QULing . =8
which the samples Temalned in the dessicator. TS BoF Wors T T ym

~

determined by the usual chromate method; run 5 is the Fé&silE -

B e
-

of a sulfate precipitation as run by the analytical chemlcal -~ & -5 oo

group under Mr. Potratz. Since these results vary a great deal™ ™ &3
with respect to the water present (from .05 to 1.47 moles of water .~ & ..
per mole of barium picrate), and since the detonation velocity Sk
depends upon the amount of water, a direct méthod for the deter- . "=

mination of water was felt to be advisable. L L T

The sample for run 6, conéisting of Ba(NO3)2 and resin, was
supplied by Hugh Bryce. This sample was prepared in a manner T e

different from the ordinary and had a very high compressive strength.

The results are excellent, having an average deviation from the -
mean of less than 1 part pef 1000. : E Lt

The sample for run 7, supplied by Lester Guttman, exhibited LB
anamolous phenomena regarding its explosive properties. The reason I
for this behavior was rezdily apparent when it was found that i
although the lens was supposed to contain 50% Ba(NO3)2, it actually =
contained only about 18% Ba(NO3),. : W

Determination of Water

For the determination of water in either the metal picrates
or the ammonium picrate mixtures, a large number of methods were
investigated. Among the methods considered were the use of

acetyl chloride and pyridine for titrimetric determination (23),

-——_"'
B

o v L e e e s SN N —
=N - R e
!

\

o
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conductrometric titrations using acetic anhydride in glacial
acetic acid (8), thermal decomposition measuring the evolution
of hydrogen from the reaction of ' sodium metal on sulfuric acid
(16), thermal decdmposition absofbing the carbon and hydrogen
combustion préducts, the use of the Grignard reagent (2, 12,
13, 14), the Karl Fischer method using sulfur dioxide and iodine
dissolvedin pyridine (1, 5, 10, 11, 15, 24, 28), the use of the
reaction between calcium hydride and water (20), the use of sodium
triphenyl methyl dissolved in ethyl ether (22), the use of
napthoxydichlorophosphine (3), a ‘manometric procedure using
lithium chloride monohf&rate (7); and the distillation method
of Hodman (19). - | |

| After c¢onsideration of all these methods from the standpoints
of difficulty'to‘bé encountered #ith hydrates and.impurities,
speed of operation, simplicity of'apparatus, and accuracy -to be
obtained, the Ksrl Fidgcher method was decided upon as being the
most suitable.* This method was felt to be inherently inaccurate
due to thé‘preSence of an unknown smount of plastic in the case of
the metal picrates. These considerations were paramount in deciding
upon & direct method for water.

The method for the direct determination of water, developed
by Karl Fischer (10), depends upén the action of I,, SO, and
pyridinewupon_Watéf. The Fischef:readtion;'as amended by Smith,
Bryant, and Mitchell (24), 1s as follows: |

*However, a shmpfe of barium icrate was given to the analytical
chemistry" group under Mr. Potratz for determination by combustion
and direct measurement of th gdées _involved. _ The results obtained

N

were very poor., ! HT*'ﬁ:fﬁ—u—_,.r_-- ST e
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I,+ S0, 4 CH3OH + 3 @ +HO0—» :mfm,;:u maads o did

tw e s s eimme aedmi A aeais e peee e

. : ',mn»nm;;;gnaﬁif",
07 + 2T + <m3so+ . e

Side reactions also occur, The end-point for this reaction has

e 4 D i i e

been determined colorimetrically oL potentiometrically. This methoq

who had attempted to use this method for the determination of .
water in uranyl sulfate. It is similar to that described by

Almy, Griffin, aﬁd Wilcox (1) with certain modifications suth
as the use Of similgr e¢lectrodes, capillary burette tips, double.df‘

drierite tubes, ete, Figure 1 shows the set-up. The apparatus Nf;f ?’;l%f
shown 1n Figuré 1 was a336mbled wﬁth the thought uppermost in min& B  '
of excluding atmospheric moisture from the feactants. Accordyggly,lltz
all inlet and outlet points are pJotected by drierite filled tubes. mlw;jf;
Also, the bakelite Stopper was ground to fit tightIy into the jftxj o i
titrating’ flask and the holes dr lled through it to_ aIiow entrance ‘
of the bu;ette tips platinum electrode, end gtLrej apy wE amall o i
Bs possible. &he Bakelite stoppe} - t fid gfass” b'n“gu‘ff """ .,fi

.
£’ 1

ugéed (r‘?ﬁir t afi rubber connecti ns O.“
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flask. "After use,’the screW”clambs”é?é‘tightehed in order to - .
further protect the solutions from atmospheric méisturé., “Ihe ___

entire apparatus is mounted on a strong frame.. _;f;;ggggggggg

was found to be unsatisfactory, & potentiometric "titrimeter," fip;l,u37i

based. upon the "dead-stop end-point" method of Foulk &and Bowden (9) . .:==
and developed further by other investigators (17, 26, 27) was = ... “:;;g;
supplied by the electronics depaffment for this installation. e 'wfféF

At the present time little data are available anCaning S ; ”$§?
the practicability of this method for determining the méisture .= . . ;&1

present in thé sambles uﬁder'conSideration. Howevér; by using thé
method of proceduré outlined bé10w, the moles of water per mol - e

of standard BaCl2 y 2H20 was determined as 1.99. In general this

SRPIISIY Y .._.—__.—__u_f_» —— e ——

procedure follows closely that given by Almy, Griffin, and Wilcox ;;EE
(1) and repeated in the Eimer and Amend pamphlet (28) with which . RO
they accompany the made-up Karl Fischer reagent which they supply. =~ %

It is felt advisable, however, to present this procedure here so
that it will be rezdily available for other project investigators.
A. Procedure for Determination of Water by Karl Fischer Method - T
l. Preparation of Reagent . - | | : g
It was found that a good quality reagent could be
prepared by mixing: ‘J o <3

169 gm Io> (resublimed) - from K-Stock s T
511 ml methanol - synthetic as obtained directly

from the barrel and L
425 ml pyridine - Eastman Kodak as supplied T
by K-Stock

S SR e -

'
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These materials were mixed in ah Erléiuiéyer flask which M

YﬁiJShen placed in &n ice—bath in a hood. To this solution
were then added T

| 128 gm S0,
Although heat was liberated, the amount was not excessive.
Thefefore,‘it‘was possible to add the S0, 1in 35-40 minutes.,
(this figure is a great deal less than that reported. by
Johnson. (10).), with only small 80, loss. The amount of
SO2 added was determined by weighing the flask before and
after ﬁhe SO2 addition injorder to allow for any losses.
Since this reagent changes strength very repidly when first
made up and then more slowly, it is advisable not to attempt
any standardization for approximately 24 hours after making

a fresh baetch, and then daily standardization is necessary.

The possibility of predicting the strength at any given

time by medns of an extrapolated éraph has been suggeéted. _
It 1s also possible to purchase the previously prepared
Karl Fischer reagent from Eimer and Amend (#2028). This is
supplied in the form of two solutions, which are not mixed
until ready for use in Qrdep.toyavoid deterioration.
Standardization of Reagent |
After preparation of the reagent, it is next necessary

to standardize it. This is done by comparing its strength

‘te tﬁat of the methanol-water mixture against which it is

to be titrated. (The strength of the methanol-water mixture
may be known or unknown at this point ) Therefore, approx-
imately 20 ml. of thé"f?ﬁ‘g"‘ff are placed in the titrating
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flask, the stirrer is started, and the methanol-water
mixture is added until the end—point,is reached. It is
recommended that the strength of the methanol-water mixture
be adjusted so that 1% to 2% times as much methanol is ﬂ
required as reagent (30 to 50 ml. methanol). 1t was found
necessary to dilute the methanol as obtained from K Stock
with water in order to give the correct ratio. This ratio,
called R for purposes of calculation, which is the ml. of
reagent divided by the ml. of methanol-water, must be geter-
mined daily. It was found this value could be determined
within 1 part per 1000 on separate samples.
Determination of End-Point |
In order to accurately determine the end-point, the

perating arid calibrating instructions accompanying the
titrimeter are closely fgllowed. The polarizing current "'
is kept at zero, ‘and the ,scale factor at 50 until the .
électrodes are in contact with the reagent When this o
occurs, the polarizing current and the scale factor are =

set at their proper values to give the most satisfactory

readiFg of the end- -point, Experimentaliz, hesewyalue:‘ e g

Pave een determined at’ io and 1 respeétively.

titrimeter adjusted as above, no Gurrent will be'flowing

will register zero. With the addition of the'methano“* ;j;ﬁ

water solution, the dark brown iodine color of the re §§9nt

k.

ey LTl LEEE

nmi | ith the reagent on y in the titrating,flask and’t e":ﬁ"l

i L
m
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will gradually becdme a light orange. At epproximately
the end-point this lightforange will turn a ligpt yellow.
Slightly before the end-ﬁoint is reached, the titrimeter
indicator needle will begin to waver, until at the final
drop (which may not appezr to coincide exactly ﬁith the
color change) it will begin é slow steady rise which will
not stop until the indicstor needle goes off scele at the
upper énd beyond 10. The amount of methanol-water mixture
required to accomplish this is taken as the end-po%nt.
Standardization of Methanol-Water Mixture ’

The methanol-water mixture may be standardiéed by
weighing about 0.15 gm. of water from a Lunge weilghing bottle
into the titrating flask,'adding excess Karl Fischer rezgent,
and titrating to the end-point with the methenol-water
mixturé. From the information thus obtained the factor
F12, the grams of water pér ml. of reagent and Fgyi., the
grams of water per ml. of methanol may be calculzted as

follows: ' S

F1. = - : igm. water
2 ml. of I, reagent - (ml. of alcohol x R)

and Fgie =‘F12 x R

Some difficulty was dt first experienced in preventing
evaporation of the water during weighing. However, with
the arrival of the Lunge Welghing bottle and by allowing
1t, when full, to reach equilibrium with the air before

ﬁ%&éhing, no further difficulty was encountered.
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the solid Wil go into sb ution. Regardless of whether oy
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1 mg. H20) from Eimér 8hd Amend

Determination of Weter in ‘an Unknown Samﬁié' BRI DRR TN

Stk

B o e s N
A known amount of the sampleée £6'ba” teéteéu?'noug fo B .

O o R TR Yoy
contain approximately 0.15 gm. water) is weigie “33%0 fhe '_.“ﬁﬁm
titrating flask. 6&ince "the primary'pﬁfﬁagéyiﬂm;< I —

.oy lf"'w mv\s .”’. . ~
mine the water of hydration, rather than surface mo?s%ure, ‘:f“ﬁ'
& a gl oA q,qgﬁm
the samples are kept in a deSsicating flask before We ghing

> e 2, R - w—rf“
and run as soon as vpossible aftér wéighing. 'y meagurga I

amount of methanol;water'Hixture”iéﬂtﬁehﬁéadea'"eﬁdftﬁewvww&

: emy . wend -
B ity SACA I RPN Al i St sk e e

mixture is stirred for a’ sufficient £ime to see if

- T T SO Ty Pre N o b odeisf
R g s L S S A e

or not this occurs, a meakured excess of I, reagent s then et
added. If .the material has not yet gone into solution, S
stirring is continued. " 1f solution is now Obtained “%he

results may be considered’ satisfactory, ‘and the sample is S

then back-titrated with the methanol- water mixture. If

solution has not been obtained, alternate methods such as
the usé of ethylene glycsl, severe Shakihg_(kj;?endmiegtthgliﬁgﬁﬁﬁ
have  been suggested. ! . e - .:ﬁ%%
In the case of the picrates, a pyridine-plcrate aodition'r@%g
compound is formed upon the addition of the Karl Fischer fﬁ%ﬁé
reagent to the picrate-methanol solution. However it is 'ﬁg
thought that the tendency for the water to be used up in\ | :-ﬁ%
tre Karl Fischer reaction is grester than the tendency ” Jﬁg
for the water to be trapped as & hydrate in thls oompound.~ ?ﬁiﬁ
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Using'the informationhobfeinea"by'the'method outlined ~
gbove, the per cent of wdter present in & sample may be
calculated as folldws: '! ™ *~ )
% of H,O = - |

(ml. ‘of I, Reagent - ml, of methanol % R) X'FI2 = 100

e

grams of sample
6. Results Obtained :
The results obtalned Qy the use of the Karl Fischer

RGN TP Bl X L T L

method are.ihcomplete at the present time. Other than the
check semple of BaCl2 * 2H,0 which has already been mentioned,
and the establishment of 'this method on a firm working basis,
few uriknowns have been run. Prelimihary indicetions are

that & precision of arourd 0.2% (at least for those samples
which are soluble) is reddily obtainable. The accuracy '

is probably on the order 'of 0.5%.

Determination ‘of Picrate

Some thought has beenh given 'the matter of .the determination
of the amount of plcrate present. It was decided this could best
be done by determining the nitrogen. Comparison of the various
methods @dvallable for the determination of nitrogen resulted in
the se;edtion'of the Kjeldahl method as being most satisfactory
for the pré¥&AT problem, involving ammonium picrate. No experi-

.___ .. _mental work has yet been done.  =iizZiEs e

APPRO\/ED FO? PUBLI C RELEASE

[a IV ke t — i -
(3°) . : K
e St e e
P - <>A§ i o .
EH" - w"'TI.'h.v.s no error should be iﬁf“oHUOed Hue *T% the Tormation Lo
qﬁ,;ejf*f?mi“j “of this compound. "As’ yéf insufficient data are availlable R
\| - , .
! to support this stand. -=@ws - - oo . <

ok 1%

I LTS e e -



APPROVED FOR PUBLI C RELEASE

1€
Recommendations B i BT
At the present time, the mixtures under consideratlon are two . .
in number. The components of -these mixtures may be listed ag
follows: ' ‘ T o , r
Miixture 1 ) Mixture 2
Ba(NO,) ] Metal Picrate I
iy i B ST
Plastic : o 1 N
On the basis of the work which has been completed, 1t is
recommended'that the following procedures be carried out:
1. Dissolve all but the plastic in hot water. An estimate i

of the plastic may be made at this time by weight difference. 7
2. The barium may be determined by chromate precipitation

and subsequent titration with thiosulfate. Although , L
good results have been obtained by this method, it is-: . ET

quite slow; involving thorough washing of both the
sample when it 1is being dissolved and of the chromate
precipitate. The first Washing will, of course, always ) T

be necessary. A method may be Ffound whereby the second = = - 7%7
can be eliminated. T S ;.-mz-wg;gggﬁeeﬁﬁwgﬁggﬁ
3. It shbuld then be possible to deteriiine the nitrogen in - - =&

the ammonium picrate by ‘the Kjeldahl method. “Complete . i1
" development of this fiethod miUSt be GOME, ™= mmurryms wni i i tor o rmomemems

4, A check on the plastic may tiow be made by differenees, =~ =~ =~ T*I=:

If small amounts of sgurface mdoisture of impurities a¥e ™. 5=

APPROVED FOR
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present, ﬁhey will be included as plastic, ‘:7%%;'
Mixture 2 c ' |
l. It should be possible to determine the amount of picrate
present bg a Kjeldahl determination of nitrogen as in
mixture 1 above. Experimental work will indicate whether
this method is applicable for all picrates or ammonium .
picrate only. |
. 2. Present indications ard 'that the Karl Fischer method for
the determination of water will prove satisfactory.
Insoluble picrates will give trouble, but methods have
;.4 S hbqenisqggested to overcome this. This phase of the work

1s'activé1y being carried forward at the present time.
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