UNCLASSIFIED

AD NUMBER
AD495021
CLASSIFICATION CHANGES
TO. UNCLASSI FI ED
FROM: CONFI DENTI AL
LIMITATION CHANGES

TO:
Approved for public release; distribution is
unlimted. Docunent partially illegible.
FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; SEP 1943. O her
requests shall be referred to Arny Minitions
Command, Techni cal G oup, Chem cal Departnent,
Picatinny Arsenal, NJ 07806-5000. Docunent
partially illegible.

AUTHORITY

1 Aug 1946, PA per docunent nmarking; 27 Jun
1968, PA

THISPAGE ISUNCLASSIFIED




THIS REPORT HAS RIEN BELINITED

ND CLEAMED FPOR PWILIC ASLEASE

WIDER DOD DirscTive 5200,20 AD
NO RESTRICTIONS AAE I1MPOOED UPON
ITS VOE AND DISCLOSAS,

DISTRIDUTION SYATEMENT A

APPROVED FOR PUBLIC RELRASE;
DISTRIBUTION UNLINITED,







THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



TECHNICAL REPORT NO. 1338

,\_ .
(g; Develop Processes for
/ %, the Rec

of Explosive Scrap,. Bocovery k

-~

Approved:

meS W. KRESGZ,
Colonel, Ord. Dept.
Chief, Technical Group.

mM (282 700)

vwl

. AsS1¥1CATION CANCELLED
g 7 0. Co Mo MO, 30838 )
UNP

BY AUFHORLTY O
: R
948

-
PLd

b
DATE 3 AUGU

Picatinny A-senal
@ 13 Septesbes WL3
e ———)

® :Lif,,&

- -
e

-

By: 0/\" /ji’i(.—gl‘uw /-Lbrj g 3;)

@F. R.lﬁﬁnson)

/ 7/7 Tﬁ“j o ";’ |

Associate Chemist.

o f229 ]

e e —— e ————

CLASSIFICATION CANCELLED

BY AUTHORITY OF O. Cc. M. NO. 30838
. CRUMP

DATE 1 AUGUST 1946



¢

v

SYNOPSIS

Since uantities of scrap explosives which may be contaminated
with grit or other foreigr material are accumulated during loading
operations, it would be desirable to have available processes for the
recovery of the components of these explosives, RDX is a relatively
expensive explosive, and thus, it would be advantageous to recover it
frop scrap RDX Composition A and RDX Composition B.

Processes have been developed for the recovery of RDX from RDOX
Composition A and RDX and TNT from RDK Composition B. In the case
of RDX Composition A, the wax was extracted by means of benzene, This
was accomplished by a batch process and by continuous extraction in a
Soxhlet apparatus, The RDX was recovered in satisfactory yields and
complied with the applicable specification.

The procedure for RDX Composition B involved extracting the wax
with heptane, followed by extraction of the TNT with benzene. This
separation was also acoomplished by ecither a batch or a continuous
extraction process conducted in a Soxhlet. apparatus, The RDX was re-
covered in suitable yield and complied with the speiificat.ion require-
ments, The TNT was recovered in satisfactory yield and complied with
the requirements for Grade IT TNT. Should the wax be omitted from the
RDX Composition B in accordance with a recent recommendation, the ex-
traction with heptane would not be necessary.

It is recommended that the procedures developed in this investi-
gation be studied on a semi-plant scale with both RDX Composition A
and RDX Composition B.
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Develop Processes for the Recovery
of xplosive Scrap.

INTRODUCTION :

l. 1In the course of loading operations, quantities of scrap ex-
plosive are accumulated which cannot be reused because of possible con-
tamination with grit or other foreign material. It would be advantagcous,
therefore, to have available methods for the racovery of the components
of the compound. explosives now in use, Recovery processes for Pentolite
and for tetryl-mectal stcarate scraps have been daveloped. The proceduras
us:d in the recovery of these explosive scraps are described in' the first
two. Progress Reports on this problem (Ref: A and B),

2. Because of the relatively high cost of RDX, recovery methods are
d¢sired for use in recovioring this explosive from scrap RDX Composition A
and ROX Composition B. As in thc case of both Pantolite and the tetryl-
metal stearate mixturcs, the use of a salective solvent appeared to be
the most promising type of scparation for these RDX cxplosives,

OBJECT :

3. To detormine the solubility of RDX in suveral ineﬁpansivc sol-
vants,

L. To develop procedures for the racovery of RDX from RDX Com-
position A and for RDX and TNT from RDX Composition B.

RAESULTS:

5. The solubility data obtaincd for RDX ar¢ recorded in Table I,
along with similar data taken from the litcrature,

6. The results of the laboratory saeparations of RDX Composition A
arc rcecorded in Tables II and III. RDX complying with specification reo-
quirements was rccovered when boenzene was used to dissolve the wax, The
optimum laboratory secparation of RDX Composition A involves heating 100
grams of the ¢xplosive with 200 cc, of benzene at 70°C,, maintaining this
temperature for 10 minutes to insure complute solution of ths wax,
cooling to 50°C. and filtering. The RDX collected on:the filter is
washed twice with 25 cc. portions of bunzune, A yield of 99.8 percent
RDX was obtained by this procedure. Residual bensene was. removed f{rom
the RDX either by drying in an oven at 100°C, or by adding water to the
RDX wot with benzens and heating to distill off the benzone, When
50,00 grams of RDX Composition A wers cxtracted in a Soxhlet apparatus
with benzene, a yicld of 94.1 percunt RDX was obtained after 24 siphonings.

7. The results of the laboratory scparations of RDX Composition B
are given in Tables IV, V, and VI. The process developed involves

-
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extraction of the wax from this composition by mcans of hcptane, fol-
lowed by extraction of the TNT using benzene. The RDX recovered complicd
with the specification requiruments; the recovered TNT complicd with
the requirements for Grade II TNT. Tho scparation of RDX and TNT from
200 grams of RDX Composition B was effcuctued by heating tho cxplosive
with 800 cc. of heptane at 90°C. for 10 minutes, and then filtering

at 85°C. Aftcr washing with two 50 ce. portions of heptanc the TNT
was dissolved in 300 c¢. of benzene by hoating to 70°C., maintaining
this tempcrature for 10 minutes and filtering, The RDX left on the
filtcer was washed with two 25 cc. portions of benzcne. The TNT was
recovercd from the benzene solution, The recovery of RDX by this
procuss was 99.2 percent of the theoretical and that of TNT was 86.4
pereent, 5

8., Thc separation of RDX Composition B may also be affected in
a Soxhlet apparatus by first extracting with heptane, and secondly,
with benzene. In the Soxhlet apparatus from 50,00 gram of RDX Com-
position B, after 10 siphonings with heptane and 7 with benzene,
94.4 percent of the RDX and 93.2 percent of the TNT was recovered,
In several experiments where only the RDX was recovered, and in which
the TNT and wax were removed by dissolving in bemzene, yields of
97.3 percent of RDX were obtained. In these experiments, 100 grams
of RDX Composition B were heated with 150 or 200 cc. of benzene to
70°C., and after holding at this temperature for 10 minutes cooled
to either 50°C, or 25°C. and filtered. The RDX, which was collected
on the filter, was washed twice with 25 cc. portions of benzene, The
residual benzene was removed from the RDX either by drying in an oven
at 100°C, or by heating the RDX wet with benzene in the presence of
water and steam distilling off the benzene.

DISCUSSION
OF RESULTS: °

9. An attempt was made to separate the wax from RDX Composition A
by flotation with hot water. Tests showed thet the wax remiined in-
corporated with the RDX even when the mixture had been heated to 95°C.

* These results were not entirely unexpected since & similar procedure
is used to prepare the RDX Composition A, This method was tried,

' however, since it was considered that it might possibly effect the
separatlon at elevated temperatures. In addition, 'if sueh a procedurc
viere effective, it would be.more economical than one involving the use
and recovery of solvents, ‘ g

10, One possible method for the scparation of RDX Composition A
might be by the uss of a solvent for REX which did not dissolve the
wax, Inspection of the solubilities of RDX in various solvents
(Table I) showed acetone to be thé only solvent in which RDX is apprc-
¢iably soluble., "ualitative tests showed that the wax. which is in-
corporated with RDX in RDX Composition A is not appraciably soluble
in-acetone., On the basis of these facts, an attempt was made to
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effect a separation of RDX Composition A by dissolving RDX in acctong,
and filtering it free from the wax, Tusts showed, however, that the
wax clogged the filter, causing the filtration to be extromely slow,
Since it was apparent thot this approach was impractical, the alternative
method of selectively dissolving the wax was tried., Zthyl alcohol was
found to be of no value, practically none of the wax being dissolved,
even after heating at 70°C., Both benzene and heptane were found to be
apable of removing the wax satisfactorily, but with heptane the fil-
tration was quite slow in comparison with benzene, Benzene is an inex-
pensive solvent (30,021 per pound) and because of its low boiling point
could be easily recovered by distillation,

11, An attempt was made to remove the wax from RDX Composition A
using benzene at room temperature, Teble II, Expts., 1, 2, and 3, In
each case, considerable wax was left in the RDX. It was found necessary
to raise the temperature to 70°C,. and to maintain this temperature for
10 minutes in order that all the wax might be dissolved. RDX of suit-
able purity could be obtained when filtration of this mixture was ef-
fected at 50°C., but at 25°C. with a greater volume of benzene, some
of the wax was not removed from the recovered RDX, Table II, Expts,

L, 5, 6, and 7, Since very little decrease in recovery was noted,
Expts. 6 and 7, when 1000 cc, of benzene ware used in place of 200 cc,
with filtration at 50°C., it is apparent that considerable excess of
solvent could be tolerated per unit amount of Composition A without
undue loss of RDX.

12, Because a continuous or semi-continuous recovery procedure
would be more economical than a batch process, it was thought desir-
able to investigate the removal of wax from RDX Composition A using
benzene in a Soxhlet apparatus, The data obtained in this apparatus
should give an indication of the practicability of an extraction process
similar to that recommended for the recovery of tetryl-metal stearate
scrap and which has been used for tetryl-graphite scrap, Ref, By It
was found, Table III, that although 1z siphonings did not completely re-
move all the wax, when 24 siphonings were made, 8 yield of 94,1 percent
of RDX complying with the specification requirements was obtained, Un-
doubtedly on a larger scale, with agitation of the RDX Composition A
and benzene, the efficiency of this method of separation could be further
improved, Thus, the semi-continuous extraction of RDX Composition A with
banzene appears to be a feasible method for the recovery of RDX, It
should be noted, Table II, that the melting points of RDX containing
wax do . not differ substantially from those of RDX from which all wax
had been removed. Thus, the melting point of RDX is not a criterion
of its freedom from wax; hence, the amount of acetone insoluble material
was selected as a measure of purity of this explosive,

13. At present RDX Composition B consists of RDX, TNT,.and wax.
In order that the wax may be separated from the RDX and TNT a solvent
must be used which dissolves neither of these substances, but which
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dissolves the wax, It was considered inadvisable to attempt to remove
the RDX and TNT from the wax by acctone because of the difficulty ex-
perienced in the filtration of the wax from RDX Composition A. Benzene
is thus eliminated for this purposc, because it dissolves tho TNT as
well as the wax, The results of preliminary experiments showed that
petroleum ether (haxane) would dissolve the wax, Since, however, the
melting point of RDX Composition B, about 80° C., is above the boiling
point of hexane, 69°C,, there is very littls opportunity for the re-
moval of wax from the interior of solid particles of RDX Composition B,
Huptane having a boiling point of ecpproximately 98°C,, the refore, was
tried and was found to be satlsfuctory. The solubility of TNT in ben-
zéne is very largs, while that of RDX is very small; thus it appoared
logical to use this solvent to separate the TNT from the RDX subsequent
to the removal of the wax, This part of the process was also found to
be cffective. RDX, of satisfectory purity, was recovered in yiclds of
95,2 percent and 99.2 percent in Expts., 1 and 2, Table V, respectively,
despite the varying conditions uscd. In Zxpt. l, 200 cc, of heptane
were used and filtration of the heptane solution was made at 50°C,;

thu benzene extraetion was mad. using 300 cc., of benzene and filtoring
zt 50°C. 1In xpt. 2, 800 cc., of heptanc was used and filtration wcs
conductod at 85°%.; the benzene extraction used 300 cc. of benzenc and
thé filtration werc made at 70°C. The TNT recoverced complied with the
spucification requirements for Grade II TNT. For the same rcasons, ¢s
in the case of RDX Composition A, it was thought advisable to inves-
tigate the scvparation of RDX Composition B in a Soxhlet apparatus,
Although 8 heptane siphonings and 4 benzene siphonings, 3xpt. 1, Teble
VI, did not complstely remove the TNT from the RDX, this was accome
plishad with 10 heptane SLphonlngs and 7 benzens siphonings, Expt. 2.
It is of interust to notc that in the hicptane extraction in the Soxhlct
apparatus, although RDX Composition B became molten, it did not pass
through thc thimble, If, however, in accordance with a recent recom-
mondation, thoe wax is omitted from RDX Composition B, it would be
unnecessary to include the heptans extraction. Sinee benzenc will
dissolve both thc wax and the TNT, scveral cxperiments were carried
out, Tabl: IV, in which the RDX was recovered by benzeno oxtraction

of RDX Composition B. 1In all thesc experiments, satisfactory yiclds,
95.7 - 97.3 percent, of RDX were obtaincd,

4. In the recovery of RDX from both RDX Composition A and RDX
Composition B, it is nccessary to consider the separation of the explo-
sive from grit which may be prescnt., This could be accomplishcd by
dissolving the¢ RDX, rctained on the filter, in gecetone, and then pre=-
cipitating it from thc acctone solution by the addition of watcer,

If acctons extraction was appliud to RDX wet with benzdne, a quantity
of benzene would be lost with cvery batch, If the bénzene could be
displaced with water, then the benzene ‘could be roecovered and this
explosive would be left wet with water, Experiment showed, howover,
that the benzene was not displaced whep water was added to a slurry of
RDX and benzene. Instoad, a pasty mixture of RDX, benzene, and water
was formed, Varistions in the quantities of bunzene and water and the
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addition of salt did not alter this result., RDX was finally obtainod
in crystalline form from the water-benzene mixture by raising the tem-
perature and steam distilling the benzene., In the laboratory experiments
the benzene began to steam distill at 70°C, This process was applied
to RDX recovered from both RDX Composition A, Table II, Expts, 8 and 9,
and RDX Composition B, Table IV, Expt. 5. In cach case tho RDX so ob-
tained complivd with the spucification requirements and thus could be
reused. It would be possible, therefore, to effect removal of residual
benzene by adding water to the benzeno-wet RDX and steam distilling.
The benzene can be recovored from the distillate, The majority of the
wator could thon be siphoned from the RDX and the acutone process ap-
plied to the explosive wet with water, The TNT recowvered from RDX
Composition B, which complied with the requircements for Grade II TNT,
is probably contaminated chiofly with RDX; it could be reused for the
manufacture of RDX Composition B, or for any purpos¢ for which Grade II
TNT is acceptable,

CONCLUSIONS ¢

15, It is concluded that RDX may be rucovered in satisfactory
yield and purity from RDX Composition A by thu use of benzcenc to dis-
solve the wax,

16, It is concluded that good yiclds of RDX complying with the
specification requiremonts may be obtained from RDX Composition B by
first extracting the wax with heptane and subsequently extracting the
TNT with benzene., The TNT, which is recovered in satisfactory yicld,
complics with the spucification requircments for Grade II TNT.

RECOMM ANDAT IONS:

17. It is recommended thet a scmi-plant study of the recovery of
RDX from RDX Composition A be madc using the process described in this
report. In the semi-plant study the following procedure should be used.

a. Extract thc scrap RDX Composition A with sufficient benzene
to remove the wax, The RDX should then be washed with benzenc, The
benzone used in these operations may be recoverced from the wax by
ordinary distillation or by stcam distillation,

b. Add water to the RDX wet with benzeno and heat the mixtures
so as to steam distill tho benzene. Collect the distillate and
raecover the benzene,

¢. Remove the greater portion of the water from the RDX and
add acoctons to dissolve it, Filter thc acetone solution to rcmove
any grit and add water to prucipitatu the explosive, The acctone
can be recovered by distillation from the water solution with
rectification., It is possible that this phase of the process could
be conducted in a manncer similar to that used in thu rocovery of
tetryl from totryl containing graphitu,
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18, It is rocommended that a semi-plant study of the recovary of
RDX and TNT from scrap RDX Composition B bu made using the procuss
described in this report. Tho procedursy for recovering the RDX is to
be the same as that given abovo for RDX Composition A, Rocover the INT,
which is rumoved in benzene solution from the RDX by steam distilling
the benzene solution., The benzene collected from this distillation
may be reused, Should wax be present in the RIX Composition B, it can
be removed by extracting the explosive with heptane prior to the ben-
zene extraction,

EXPERIMENTAL
PROCEDURE s

19. In the extractions, other than those with the Soxhlet appar-
| atus, a definite volume of solvent (benzene or heptane) was added to
a definite weight of either RIX Composition A or RDX Composition B.
The mixtures were heated to a definite temperature, maintained there
for 10 minutes in order that solubility equilibrium might be.attained.
and after cooling to a definite temperature, filtered. The material
retained on the filter was washed twice with definite portions of
solvent, In the case of TNT recovery from RDX Compoait.ion B, the ben-
gene filtrate was evaporated to obtain the T,

REFERENCES :
. TOCMical Reporﬁ NO. 128&0

A .
B. Technical Report No. 1287, \
€. Technical Report No. 1313, '
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Table III

covery of RIX from sition A
s ratusc

Melting®  Acetone®
No. of Weight of Percent point of insoluble in
Expt. siphon- RDX recov-= of RDX recovered recovered

No, ings ered, gms, recovered RIX, °C, RDX, §

1 5 46.0 101,.8 - -
2 12 bbb 98.3 203 0.46
3 2 42.5 %.1 204 0.04

21n these experiments 50,00 gm., samples of RDX Composition A
were used; the analysis of the RDX Composition A was
90.4 percent RDX and 9.6 percent wax,
brox specification requirements:
Melting point, Type A 200°C,, minimum.
Acetone insoluble 0.05%, maximum,
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Table IV
Recovery of RDX from g Composition B
Using Benze
Highest temp, Volume Yield Yield Melting
to which Comp, Temp, of of of of point

Expt, B and benzene filtra- Solvent, RIX, RDX, RDX,
No, were heated,°C. tion,°C. _ce, grams £ °c,

1 70 25 150  59.0 95,7  198.0
2 0 25 150 60,0 97.3  198.5
3 70 25 200 60.0 97.3 198.5
L 70 50 150 60,0 97.3  198.5
J 52 70 50 LOO  59.0 95.7  197.0

&In all experiments 100 gm. RDX Composition B were used which
contained 61,7 percent RDX.

EIn this experiment the residual benzene was removed from the
RDX by heating in the presence of water, The acetone in-
soluble matter of the recovered RDX was 0,05 percent and
the acidity was nil, thus complying with the requirements
of Specification AXS-745.
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Table V

Recovery of RDX and TNT from RDX
Composition B Us tane and Duiizened

riment No. Speeification

Y Requirement
Heptane extraction:
Highest temp., °C. 90 90
Filtration temp,, °C. 50 85
Volume heptane, cc. 200 800
Benzane extraction:
Highest temp,., °C. 70 70
Filtration temp,, °C. 50 70
Volume benzene, cc. 300 300
Yield RDX, % 98,9 99.2
Melting point, RIX,°C. 196.6 195.0 Type B, 190
minimum
Acetone insoluble in RDX, £ 0.03 0,02 0,05 maximum
Yield TNT, % 1021 86.4
o
Setting point, TNT, C. 79.8 79.37 Grade II, 76.0
minimum
Alcohol insoluble in TNT, £ 0.05 0,00 0,05 maximum

2In these experiments, 200 gm., samples of RDX Composition B were
usad; the composition of the RDX Composition B was: 61.7 percent

RDX, 36.8 percent TNT, and 1,5 percent wax,
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Table VI
Recovery of RDX and INT from

RDX Composition B Using Heptane and
Benzenc_in a Soxhlet Apparatuss

No. of No. of RDX RDX INT INT
Expt. heptone benzene recovered, recovered, recovered, recovered,
No, siphcrings siphonings gms, ns, £
1 8 4 31.9 105,22 15,7 81,7
2 10 7 28,6 Wole 17.9 93.2

&In these expariments 50,00 gm, samples of RDX Composition B
ware used; the composition of the RDX Composition B was:
60,6 percent RDX, 38.4 percent TNT, and 1.0 porcent wax,

?..Evidently not all the TNT or wax had been removed from the
RDX.




