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1, To develop recommendatmns for a manufacturmg ‘procedure
for KDNBF.

Z. To evaluate commercially procured KDNBF, and compare it
with KDNBF of known purity and properties.

3. To interrelate the physical, chémical, and explosive proper-
ties of KDNRF from all sources so as to define the critical para-
meters which must be spec1f1ed to assure close control of the final
product,

ABSTRACT

. Under-a-program funded by:the Nuclear Engineering Directorate,
the Exploslves Laboratory of Feltman Research Laboratories,
Picatiniy Arsenal, has definedthe critical properties-of KDNBF
(comivhonly known as-potassium dinitrobetizofuroxan, but more.accur-
ately des1gnated as pota.ssmm 4, 6-dinitro-7-hydroxy-7-hydrobenzo-
furoxan), e stabhshed a self -checkmg testing procedure, and set toler-
ances: Wthh‘ canibe uSed as:a basis:for a. rigorous military specifica-
tion. KDNBF!3:6f both particularly high.and low purity and quality
were tested ' concurrently with. KDNBF''s obtained from three commer-
cial sources to provide a broad diversity of data. The functioning of
KDNBF Was-defined-frém pressuré-~time traces obtained from firings
in a'1-m]l (milliliter) pressure -bomb, and it was related to purity as
determined by niiclear magnetic resonance, X-ray diffraction, and
elemerital analysis. :The thermal stability, ag measured by differen-
tial thermal analysis and gas.evolution at 120~C, also was related to
KDNBF purity and function. A $pecific test based on solubility in meth-
anol was-devised to detéct contamination of KDNBF by ‘a hydrolysis
decomposition product. and, in addition, ‘storage under-absolute meth-
anol in sealed containers was:recommended., Of secondary importance
were tests related to color, form, granulation, and bulk density, ‘which
were-uséd mairly to describe a form of KDNBFE suitable for use in auto-
maticHodding:machinery., In thé course of the study the manufacturing
parameters for KDNBF were systematically varied so that a judgment
on the effects and relstive importance of raw materials, iniermediate
compounds, and unit processes could be reached. A recommended
process of manufacture is presented.
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Although not a part of the recommendations for a specification,
values for the various KDNBF's were obtained in the Picatinny
Arsenal Impact Sensitivity Test and the Picatinny Arsenal Explo-
sion Temperature Test. The compatibility of KDNBF with several
binder resins, a glnss-fmed polycarbonate, and a fluorinated sili-
cone rubber also was.determined.

CONCLUSIONS

The recommended process of manufacture is given as part of the
Draft Purcahse Description (Appendix A)., Examinttion of Figures
1A and 1B will show the following points:

1. In the production of intermediate compounds/(i.'e.. benzo-
furoxan, dinitrobenzofuroxan) the process of manufacture is as im-
portant as the purity of the raw materials (within the limits of purity

tested).

2. However, if DNBF of reasonable purity is used, an accept -
able KDNBF can be produced.

3. The most critical point in the menufacturing process is
the actual precipitation of KDNBF. Variations at eatlier points can
be compensated for by simple recrystallization of the DNBF.

The properties of the three commercial KDNBF''s were very
similar to one another. When tested as outlined in Appendix A, the
results obtained show in general that the commercial KDNBF's lie
between the purest material (i.e., KDNBF-48)and crude KDNBF.
All of them would pass the criteria established.

To summarize the testing program, it may be said that the essen-
tial tests are function (1-ml bomb), NMR, DTA, and contamination by
methanol -soluble material, But this is a bare skeleton structure, and
all the other recommended tests are required as cross=checks if near
100 percent assurance is-desired, The content of the Scope of Work
(Appendix C) wouid indicate that KDNBF is used in & very critical
application and that more than ordinary precaution must be observed,
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RECOMMENDATIONS
Possible areas for future studies would include:

1. Ivestigation of long-term storage stability of KDNBF
under anhydrous conditions.

_ 2, Determination of the mechanism of decomposition by hy-
drolysis and of the structure of the decomposition product or products.

3. Investigation of other salts of DNBF and of KDNBF itself
for possible use as initiating explosives.

Eoanrarr.

2owNE AR 5 DU aTE e

ara




kRS S0 L

T

pet oy

bl T AT T T

INTRODUCTION

KDNBF has found use in various explosive-actuated devices., Is
desirable properties include easy ignitability, low "Z' factor, fast
response, and nonconductive ash.

The compound was first prepared in 1899 by von P. Drost. Re-
cently its structure was defined by N. E. Brown, et al (Ref 1) and
some of its characteristics-were determined by A. Anzalone, et al
(Ref 2).

Up to now, KDNBF has been procured as a component of comniér -
cially produc¢ed devices, with no U. S. Governmen' specification-to
define the properties of the material itself. Increased use of KDNBF
has, however, given rise to a need for a comprehcnsive specification
toinsure that devices obtained in future procurements contain high
quality KDNBF.,

Therefore a proposal (Appendix 2) was prepared by the Explosives
Laboralory and forwarded to:the INuclear Engineering Directorate.
The Nike-X Engineering Division‘responded with a Scope of Work
(Appendix 3) which formed the basis for the effort reported in this
study.

RESULTS!

Process of Manufacture

The process of manufacture developed starts with orthonitroani-
line which is oxidized-to benzofuroxan., The benzofuroxan is nitrated to
dinitrobenzofuroxan, which in turn is reacted with potassium carbon-

-ate or bicarbonate to form the final product, potassium dinitrobenzo-

furoxan. Details of this process are given in Experimental Proceduress
Melting Point Determination

The melting points of the various raw materials and intermediate
compounds are given in Table 1 and Figure 1. The instrument used

lMost of the materials mentioned inithis section are identified with a
numeral, or a .jumeral and a letter, following the initials of the chemi-
cal name (e.g., KDNBF-45; DNBF -60E) the numeral being the page num«

ber of Logbook 764-105, The three commercially procured KDNBF's
are suffixed by the letters X, Y, or X, respectively. Reference to
Frigures 1A and B will be helpful in identifying materials and their rela-
tionship to otlier materials.
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was standardized against sulfanilamide, sulfapyridine, and vanillin
melting -point standards provided by the manufacturer (Arthur H.
Thomas Co.).

Elemental Analysis

The analysis of the materials for their constituent elements was
conducted by a commercial laboratory that specializes in micro-
chemical analyses. The results are given in Table 2.

Differential Thermal Analysis

The DT A curve of KDNBF in a hehum atmosphere -exhibits only

-one major exotherm in the region of 210° - 220%. A possible second -

ary exotherm near 300°C was not considered significant, In Appendix
A, Figure A7, the DTA of KDNBF-45 (auto-loading grade, Type I)

is given. Figures A8 and A9 (Appendix A) are, respectively, for com-
mercial KDNBF (Company Z) and KDNBF-78 (crude). In addition,
KDNBF-66B-(auto-loading grade Type II) showed an exotherm at 209°¢C;
while the other two commercial KDNBF!s, X-and Y, showed exotherms
at 220° C, respectively.

Ultraviolet and Infrared Spectroscopy

The UV and IR spectra of KDNBF and its decomposition product
were investigated, However no differences of a-useful nature were
observed; and since, besides, other methods of identification proved
more productive, no further work on UV and IR was done,

Nuclear Magnetic Resonance

The NMR spectrum of KDNBI was determined on.a Varian T -60
Spectrometer and run in a 15% solution (W/V) of deuterated dimethyl-
sulfoxide using tetramethylsilane as an internal reference., I ex-
hibited 2 doublets centered at 5.87 ppm(parts per million) from
TMS with a coupling constant of 8 cps, and a singlet at 8,63 ppm
(Fig Al10, Appendix A). This is consistent with the Meisenheimer
structure advanced by Brown et al (Ref 1) for hydrolyzed 4, 6-dinitro-
benzofuroxan. Consequently, the Meisenheimer structure for KDNBF
should be:
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The WMR resonance line at 8.63 ppm is attributed to the ring
proton at Position 5. Inasmuch as the OH proton at Position 7is de-
shielded, it should appear as the doublet at 6.20 ppm, and the remain-
ing proton at Position 7 should appear upfield. To show this, the
KDNBF solution was shaken with a small amount of D20. This caused
considerable collapse of the doublet at 6,20 ppm and obvious singlet
formation at 5.87 ppm, indicating correct assignment. The water
line at about 3.3 ppm was accordingly increased (Fig 2). The small
singlet at 5,87 ppm present in the KDNBF spectra before and after
treatment with D20 canndt be accounted for, but it probably indicates
a small quantity of impurities.

Spectra were obtained of samples of KDNBx labeled KDNBF -45
(Appendix A, Fig Al0); KDNBF-Z (Appendix A, Fig All); KDNBF-Y
(Fig 3); KDNBF-X (Fig 4); and KDNBF -78 (Appendix A, Fig Al2).
Of these, the first three (45, Z, and Y) produced spectra with fairly
sharply resolved resonance lines. The spectra of samples A and 78
were not as well-defined, possibly indicating the presence of some
impurity that caused broadening of the doublets.

The fact that KDNBF-X had been stored for more than three weeks
under a solvent suspected of containing water could account {or the
lower apparent purity.
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X -Ray Diffraction

X-ray diffraction patterns were obtained for KDNBF -45 (auto-
loading grade, Type I, Appendix A, Fig Al3); KDNBF-66B (autoload-
ing grade, Type II); and KDNBF-X (commercial, comnpany X). The
patterns from all three were identical, indicating that the elemental
and crystalline striucture of these three very different-appearing ma-
terials (see T'ig A3, A4 and A5, Appendix A) was the same., The qdif-
ferences are merely in crystal habit and color,

Contamination by Methanol-Soluble Substances

In the course of this study it was determined that KDNBF reacts
with water to produce an undesirable decomposition prodict (DF). The
results of elemental analysis (Table 2) indicate that storage in con-
tact with water for five years (DP-31 SLR) causes more complete
degradation than does immersion in boiling watér for six hours
(DP-52C). The concentration of DP in thé supernatant liquor (alcohol
with at’least 5 percent water) over KDNBF of Lot SMUPA-7172, which
had been in storage for five years, was between 4 and 5 percent,

Materials from companies Y and Z were obtained with absolute
methanol as the supernatant liquor. The material received from com-=
pany X was covered with another liquid'which, it is suspected, was.
3A alcchol, All samples. were, when inspected, at least three weeks
old, All supernatant 11qu1d was filtered off and replaced with fresh
methanol. Two months later, when it was discovered that company
Xs liquid differed from methanol, the rewetted samples of KDNBF-X
were filtered for recovery of the methanol supernatant liquid that had
been 'used to replace the original liquor,

Tests were conducted to determine the approximate solubility in
methanol of both the decompos1t10n product (DP) and KDNBF, The
room temperature (22 C) solubility of DP was 357 mg per 100 ml of
methanol, while that of KDNBF was only 37 mg. The saturated solu-
tion of DP was almost opaque and burnt -amber in color.

The original supernatant methanol from samples KDNBF-Y and
KDNBF-Z and the methanol from the rewetted sample of KDNBF -X
were tested to determine the contamination by methanol-soluble sub-
stances., The results obtained were:
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Solute content of supernatant liquor at room temperature

KDNBF-X KDNBF-Y KDNBF -Z

-Grams per 100 ml

methanol 0.145 0.110 0.090

Grams per 100 g
KDNBF 0.50 0.30 0.47

Vacuum Stability
The results of testing several samples of KDNBF in the vacuum
stability test at several temperatures are as follows: (The eéntry

"114'" indicates that the capacity of the apparatus was exceeded.)

Milliliters of gas evolved per gram of KDNBF in 40 hours at:

sample KDNBF 110°C 120°C 130°C
45 (purest) 0.73

78 (crude) Ll+

X 0.49 0.69 3,01
Y 0.41 0.56 1.50
Z 0.73 0,74 3,74

The above results correlate well with those obtained in the tests
for contamination by methanol-soluble substances conducted on the

commercial materials.

The results of testing KDNBF intimatelyomixed withk the indicated
materials in the vacuum stability test at 120°C are as follows:

Mixture ' Milliliters of gas
evolved per gram of
KDNBF at 1200C
in 40 hours

50/50 KDNBF-X /plastic, polycarbonate
glass-reinforced, Type III, Mil P81390 0.62

50/50 KDNBF -X/Silastic, LS 53 0.35
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The following result:; were obtained in vacuum stability tests of
spotting mixtures of KDITBEin lacquer.

Mixture (containing KDNBF, Milliliters of gas evolved per

SMUPA-7172) gram of sample, at 120°C in
40 hours

100/0 KDNBF 0.58

90/10 KDNBF /Ethyl Cellulose (48 percent Ethoxy) 0.45

90/10 KDNBF /Nitrocellulose (12 perceni N) 9.67

90/10. KDNBF /Zytel 63 (nylon resin) 3.22

90/10 KDNBF /Butvar B72A (polyvinylbutyral) 0.25

Explosion Temperature Test

Material Tested Explosion Temperature (5-second point)
KDNBF-45 247°C
KDNBF-78 226°C
KDNBF-X 252°C
KDNBF-Y 259°C
KDNBF-Z 253°C

Picatinny Arsenal Impact Sensitivity Test

Material Tested Average Weight of Samples Impact Test Value
(gram) (inches) using 2-kg wt
KDNBF =45 . 006 7
KDNBF-66B .009 7
KDNBF-X . 009 ‘ 9
KDNBF-Y .009 5
KDNBF-Z .013 8

- b i - Wmatn % RN -
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These results would indicate that KDNBF is, at least in this test,
less sensitive to initiation than dextrinated lead azide‘whosé impa.ct
test value is listed in the literature as 5 inches, KDNBF would be

> classified as an Initiating Explosive under existing ICC regulations.

Lt o e cac )

Bulk Density and Sieve Ana.lysisl

T

The granulation of the three commercial KDNBF's was determined
ising a modified version of the usual wet sieving method. Since
KDNBF is to some extent soluble in alcohols and water, the amount
of fluid used had to be reduced to a minimum. It was, therefore, con-
venient and useful to combine the determination of bulk density with
the sieve analysis. Also, an extremely accurate method was not war-
ranted. The results obtained follow:

Caacrar 42 .x\'m" BT MR iy

Sample Bulk Density Percent on Us. S. Sieve No:
KDNBF grams/ml 50 100 200 270 PAN Lost
X .28 1.5 15 67.0 26.0 4,5 -
Y .36 0.5 0.0 9.5 72.0 15,0 3.0
Z .15 1.0 3,5 70,0 12.5 12,5 0.5

Pressure-Time Relationships in a l-ml Bomb

The pressure-time curves for several KDNBF's were determined
in a 1-milliliter volume pressure bomb. A general description of
g this test in included in Appendix A. Tu. be more specific, this test

was performed in a bomb with & measured volume.of 1.08 mi. A

s Kistler 701-H, 10 to 10,000 psi transducer, S/N 22831,was used as
the pressure-sensing device, A constant 1,00 + 0.01-ampere current
was supplied to the bridgewire from a Universal Pulser (Franklin
Institute). The bridgewires were spotted with 90/10 KDNBF /Butvar
B72-A resin,

s s

lSee Appendix A for experimental procedure
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Individual test results are given in Table 3. Plots of these data
on probability graph paper are shown in Figure 5, 6, and 7.

KDNBF Time to Ignition1 Time to 90% Maximum

(samples numbered) millisec Maximuml Pressure,
Pressure,msec psi

45 (25 to 32) 1.16 2.04 52.3

78 (35 to 44, less 40) 1.07 2.16 42.7

X (9 to 16, less 10) 1.08 2.60 43,2

Y (1to 7) 1.08 2.56 38.8

Z (17 to 23) 1.07 3.11 44,4

One additional series of pressure bomb tests were performed,
but the pressure values are not presented here because at the time
the current through the bridgewire could not be controlled with enough
precision. However, the time-to-ignition values vs current were
grouped and averaged, and the 1.esults are presented in Figure 8 and
tabulated below:

Current, Individual ignition time (milliseconds) for:

amperes ~ 90/10 KDNBF-X /nitrocellulose  90/10 KDNBF-X /BUtvar
0.85 1.75, 1.75, 1.45 1.30, 1.30

0.925

1.00 1.15, 1.28, 1.40

1.15 1.05, 0,85, 0.90 0.85, 0.85, 0,90
1

Both "time to ignition' and "ime to 90 percent of maximum pressure'
were measured from the start of the flow of current through the
bridgewire

11
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DISCUSSION OF RESULTS

Since the most important objective of this study was to relate the
functioning characteristics of KDNBF to its quality or purity, the 1
-ml pressure bomb tests should be ranked highest in importance.
They measured the three parameters most likely to affect the per-
formance of KDIWBF in an explosive-actuated device (e,g., squib
switch). The results show thai KDNBF's of different chémical and
physical characteristics are nearly identical in functioning character-
istics.

When the ignition times (Fig 6) and the maximum pressures
(Fig 5) are plotted on probability graph paper, the results fall in both
cases on a straight line (except, of course, for the 'tails"), This
shows that any variations can be attributed to normal random scatter-
ing of the data. The plot of "Times to 90 percent of maximum pres-
sure' (Fig 7) does not fall on a straight line, the curve being skewed
on both ends. Examination of the individual tests in Table 3 or even
the averaged values previously given shows that this skewing is due
to the excessively fast burning of KDNBF ~45 and the excessively slow
burning of KDNBF-Z.

Ordinarily, an explosive-actuated device is designed to function
at some point between ignition time and maximum pressure buildup.
Generally, functioning is projected to occur in the range of 25 to 50
percent of maximum pressure. Thus it may be that the slower pres-
sure buildup of KDNBF-Z will’have little effect in an actual item.
Since, however, we cannot be certain of this contingency, the limits
given in the appended Draft Purchase -Description have been chosen
so that the performance data listed for KDNBF-Z represent only bor -

derline values. . \

The fact that KDNBF-78 (impure and unsuitable for use) also,
passed the functioning test only emphasizes the need for supplemental
tests. The system developed and presented here in the form of a
Draft Purchase Description (Appendix A) constitutes a rigorous basis
for a specification. It is intended to allow acceptance of KDNBF of
the type presently produced by commercial sources. But it goes a
step further in specifying a new automatic-loading grade of KDNBF
as represented by KDNBF-45, Present commercial KDNBF is usable

for the limited application of hand-loading lines, but the fine flaky
form of the crystals make it unsuitable for use in automatic loading

12
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machinery., However, since present applications call for hand-loading,
there is no need to require the use of the automatic-loading grade ex-
clusively.

Some of the requirements are noncritical and are intended only
for monitoring successive lots of product to insure that reproducible
methods are used. These tests are: Bulk density, color, sieve analy-
sis and elemental analysis.

Since all the limits for the automatic loading grade would not be
set at this time (provision being made for submissioft of a preproduc-
tion sample), some of the above requirements could assume critical
status for a particular application (e.g., bulk density)-and should be
so.specified in the purchase contract.

Another pair of tests, differential thermal analysis and vacuum
stability, measure the same property, i.e., thermal stability, but
DTA measures it with greater precision and over a much wider temp-
-erature range, Both tests serve to eliminate material of low purity
as typified by KDNBF-78, This apparent redundancy is intentional
to provide a cross-check, Another thermai stability test, the explo-
sion temperature test was conducted but it was omitted from Appendix
A because it is difficult and expensive to perform properly, and it is
easy to obtain any desired result if performed improperly.

An important and critical test is the oné for contamination by meth-
anol-soluble-substances. & is designed to detect any impurity re-
sulting from the hydrolysis of KDNBF. Significant amounts of this
decomposition product are formed when KDNBF is recrystallized from
water, a normal manufacturing procedure, and also in long-térm stor-
age in the presence of even small (i.e., 5 percent) quantities of water.
Denatured 3A alcohol contains water, and even absolute alcohols will
pick up water from the atmosphere unless kept in sealed containers.,
‘Freshly prepared KDNBF which had been washed with methanol and
dried should be virtually free of the decomposition product, and if it
is loaded into hermetically sealed items, it will be safe. However,
KDNBF in storage is in potential danger of deterioration. After five
years of storage, one batch of KDNBF, lot SMUPA 7172, was dried
without washing, The resultant hard cake had to be destroyed since
it was completely unusable.

13
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Other batches of SMUPA Lot 7172, washed thoroughly before
drying, yielded a product not unlike commercial KDNBF. Earlier
tests (Ref 4) appeared to indicate that KDNBF rehabilitated by wash-
ing out any decomposition product, gave acceptable results in a func-
tioning test. However, long-term effects could not be determined.

The final pair of tests suggested are designed to identify KDNBF
as a composition of matter. The first of these tests, nuclear mag-
netic resonance, is a pertinent and valuable one for KDNBF analysis
because of its simple proton structure. The resultant spectra can be
ifiterpreted, and even a qualitative judgment of the purity of the KDNBF
can be made by visual comparison with standard spectra. The second
test was X-ray diffraction, which was included at the request of the
Quality Assurance Division.

EXPERIMENTAL PROCEDURES
Investigation of Manufacturing Parameters

The usual production process for KDNBF starts with the oxi-
dation of orthonitroaniline (0-NA) to benzofuroxan (BF). The nitra-
tion of BF yields 4, 6 - dinitrobenzofuroxan, (DNBF))which is reacted
with potassium bicarbonate to yield KDNBF.

N\ NH PG
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W. B, Hardy and R. A. Parent (Ref 3) suggested alfernate pro-
cesses, but these were rejected because of the expensive and not read-
ily available raw materials required. Also, it was known that at least
two major commercial manufacturers of KDNBF were using the usuyal
process, and this fact provided another important reason for the de-
cision to investigate the parameters of that process, especially since
time and funding did not permit investigation of all-combinations of
conditions; but for each parameter studied at least two variants were
investigated. Inauspicious,unpromising or duplicating alternates were
eliminated to hold the number of alternates studied within reasonable
limits.,

Figure 1A shows the schematic flow chart of the route followed
from o-NA to DNBF. Two grades of:0-NA were treated, the first,
a refined grade from Baker Chemical Co., the second, a practical
grade from American Aniline Corp., obtained via Matheson Chemical
Co.

The processes identified with Roman numerals in Figures 1A ‘and
B are listed below,

(Note: In some cases more than one batch of an intermediate was pro-
duced and larger batches were made.)

I. 20 g of 0-NA was dissolved in 300 ml of methanol saturated
with 50 g of potassium hydroxide. This solution was cooled to OOC,
and 222 ml of 5,25 peréent sodium hypochlorite (household bleachz’ was
‘slowly added: The temperature.of the reaction was held below 10°C,
The BF precipitate was filtered and washéd once with ice water. The
yield was 95 percent of BF with a inelting point of 66-67.5°C.

II, 20 g of 0-NA was dissolved in 300 ml of 83-percent methanol
at 40°C. A mixture of 225 ml of household bleach and a solution con-
sisting of 24 g of sodium hydroxide in 50 ml of water was-added while
the reaction temperature was held at 40°C or less. The BF was pre-
cipitated by cooling to OOC, filtered, and washed four times with ice
water. The yield was 95 percent of BF with a melting point of 67-67,5°

C. :

III. Approximately 20 g of BF was recrystallized from 100 ml of
methanol, filtered, and dried without washing, The yield, upon cool-
ing to ’500 C, was approximately 80 percent of BF with a melting point
Of ()7"68 Co
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IV. 26:g of BF was slowly dissolved, in 260 g of concentrated sul -
furic acid so that the temperature did not exceed 10 " C. To this solu-
tion w .s added very slowly (70 minutes) a cold mixture of 130 g of
concentrated sulfuric ac;1)d and 130 g of 90 percent nitric acid, which
had been 0premix's:d at 10 C or below. The nitration was carried out
below 20 °C. After all the mixed acid had been added, the reaction
mixture was momentarily heated to 45°C and then immediately
quenched by pouring on a 2-liter volume of ice cubes. The DNBF
precipitate was washed three times with 400 ml of ice water on the
filter and dried. This process yielded 70 percent of DNBF with a
melting point of 164-169°C.

V. This process was similar to Process IV, except that the cold
mixture was prepared by adding only one part (by weight) of nitric
acid (98 percent) to three parts of the concentrated sulfuric acid,

VI. This process was nearly identi%al with Process IV, except
that the reaction mixture was held at 50 C for three minutes before

-pouring on ice,

(Note: The DNBF from V and VI subsequently was not used.)

VII. Approximately 200 g of KDNBF (P. A. Lot 7172) was treated
with an excess of 50 percent acetic acid and digested on a steam bath
for several hours. The crude DNBF so obtained was dissolved in
glacial acetic acid and crystallized by cooling the solution to 5°C for
72 hours, and subsequently washed with water and recrystallized four
times from the glacial acetic acid. The hot mother liquor was treated
each time with activated carbon. The yield was approximately 10 per-
cent of DNBF with a melting point of 172.8 - 173 C.

VIII. 50 g of ‘DNBF (Process IV)was dissolved in 350 ml of glacial
acetic acid to form a saturated solution at 95°C. A yield of 67 per-
cent of DNBF (melting point 172-173°C) was obtained upon cooling the
solution to 20 C, filtering the product and washing it four times with
water.

(Note: Dilution of the mother liquor with water resulted in recovery
of virtually all the DNBF in the liquor. Theé-material so recovered
was similar in appearance and melting point (166.5-170"C) to the ori-
ginal DNBF from Process IV.)

Three grades of DNBF were selected for processing to- KDNBF
as indicated in Figure 1B by the designations A (refined, B (crude),
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and C (purest). These three grades were treated as shown in that
figure, The processes are listed below

IX. 17 g of refined DNBF was dissolved in 1500 ml of 1/1 (by
volume) acetone/water at 45°c. 1.5 g of potassium bicarbonate dis-
solved in 75 ml of water was added. The resulting solution was cooled
to -10°C. The solid product was filter:d and washed twice with cold
acetone. A yield of 7.5 g of KDNBF in.the form of fine flake crystals
was obtained.

X. 28.5g of crude DNBF was suspended in 750 ml of 1/4 (by
volume) methanol /water at 40° C. 12.5 g of potassium bicarbonate
dissolved in 50 ml of water was added. The solid product was filtered
and washed four times with ice water and twice with methanol. The
yield was approximately 90 percent of fine, gummy, crude KDNBF
that dried to a hard caked mass.

XI. 5.65 g of the purest DNBF was dissolved in 500 ml of 1/1
(by volume) acetone /water at 45°C. 1.8 g of potassium carbonate
dissolved in 50 ml of water was added without further heating. The
mixture was st1rred for 15 minutes while it was cooling naturally
from 40 to 35°C. Then it was further cooled in an ice-salt bath to 0°c
(twenty minutes) and held at 0°C for ten minutes. The product was
washed twice by decantation with cold 1/1 (by volume) acetone /water,
filtered, and dried. The product obtained, 70 percent of KDNBF in the
form of large equant crystals, is shown in Figure A3 (see Appendix A).
These crystals are designated automatic-loading grade, Type I.

XII. The fine flaky crystals obtained in Process IX were recrys-
tallized from water by dissolving 7.5 g of KDN]S»F in 750 ml of water
containing 1.5 g of potassium bicarbonate at 75 C, and cooling the
solution to 5°C. The 6.5 g of solid product (KDNFB) obtained was
filtered, washed twice with ice water and twice with methanol, and
dried. These fine equant crystals are shown in Figure A4 (sece Appen-
dix A). They are designated automatic-loading grade, Type Il

XIII. Approximately 3 g of crude KDNBF in the form of wet cake
(Process X) was dissolved at 80°C in 300 ml of water made slightly
alkaline (pH 8.5) by add1t1on of 0.1 g of potassium bicarbonate. Afteér
cooling the solution to 0° C, a 50 percent yield of KDNFB in the form
of a flaky crystalline product similar to the commercial hand-loading
grade shown in Figure A5 (Appendix A) was obtained.
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Evaluation of Various KDNBF'!s

Samples of KDNBF from three commercial sources were pro-
cured for evaluation and comparison with the various grades of KDNBF
produced according to the procedures given above. Since revelation
of the particular properties of these commercial KDNBF's could be

in violation of proprietary rights, no identification of the companies
involved is made in-the report.

The evaluation-tests applied to the various KDNBF's can be di-
vided into two groups. The first group concerns the physical and
chemical properties of KDNBF as follows:

1.

2.

3.

6.

7.

Melting point (raw materials only)
Elemental analysis

Differential thermal analysis
Ultraviolet and infrared spectroscopy
Nuclear magnetic resonance

X-ray diffraction

Contamination by methanol-soluble sustances

The second group concerns the properties of KDNBF associated
with its use in military items:

8.

9.

10,

11,

12,

13.

Vacuum stability test

Picatinny Arsenal Explosion Temperature Test
Picatinny Arsenal Impact Sensitivity Test

Bulk density

Sieve analysis

Pressure-time relationship in a 1-ml bomb
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Most of these tests are fully described in the Draft Purchase
Description, Appendix A. Tests not included in that appendix are
described below:

Melting point determinations.were conducted on a Thomas-Hoover
capillary melting point apparatus with a heating rate of 1/2 to 1 de-
gree centigrade per minute except as noted.

The ultraviolet spectroscopy was perforraed in methanol solution
on a Beckman DK-1 recording spectrophotometer. The infrared spec-
troscopy- was carried out using 0.5 percent KDNBF in potassium bro-
mide pellets on a Perkins~-Elmer Model 21 recording infrared spec-
trophotometer.

_The Picatinny Arsenal Explosion Temperature Test is described
in MIL-STD-659 (Ref 5), and the Picatinny Arsenal Impact Sensitivity
Test in AMCP 706-177 (Ref 6).
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Melting point determinations

Material Melting %’oint Remarks
Range, C
DNBF-42. 171-173 5X recrystallized, heated 4 C/mm
DNBF -42 171.5-173,0  5X recrystallized; heated 4 °¢/min
DNBF ~42 172,8-173,0 Slower heating, 0.5 C/mm
BF 46 67-68 Methods Iand III (Fig 1) 4°C/min
BF-46 67.7-68,2 Slower heating, 0.5 C/mm
BF-47 67.0-67.5 Method II (Fig 1) 0.5°C/min
BF -48 67.5-68.0  Repeat batch Method II 0.5°C /min
: BF-58C 66.0-67.5  Method I (Fig 1) O. 5°c/mm
E‘ BF-58R 67.2-68.2  Recrystallized BF-58, 0.5 C/mm
; DNBF-60A  160-165.5 Method VI (Fig 1) from BF-47, 1 C/mm
DNBF-60B  166.5-170 Method IV (Fig 1) from BF-47, 1°C/min
DNBF-60C  154.5-160  Method V (Fig 1) from BF-46, 1°c/mm
DNBF - 60D 163-168. Method IV (Fig 1) from BF-58R, 1 C/mm
DNBF-60E  164-169 Method IV (Fig 1) from BF-58C, 1°C/min
DNBF-64A 172-173 Method VIII (Fig 1) from DNBF-60D
and -60E
0-NA 70.8-71.0 Baker lot No. 1-3581, MP given -
71-72°C
: 0-NA 69.4-70.2 Matheson's practical grade, no MP given
¥ Vanillin 80,7-81.2 +5°C/min, literature: 81-82°C

0.5:
Sulfanilamide 163.5-165.0 0.5 C/mm, literature: 164.5-166.0°C
Sulfapyridine 191,0-192,0 0,5°C/min, literature: 190-193°C
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