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iince    uantities of scrap explosives which may be  contamiruited 
v;ith grit or other foreigr material are accunulated auring loading 
operations,   it would bo desirable to have available processes for the 
recovery of the components of tnese explosives,    RDX is a relatively 
expensive explosive,  and thus,   it would be advantageous to recover it 
froki scrap RDX Ccwnposition A and RDX Composition B. 

^Processes have been developed for the recovery of RDX from RDX 
Composition A ana RDX and TNT from RDX 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,    Tho RDX was recovered in satisfactory yields    and 
complied with the applicable specification. 

The procedure for RDX Composition B involved extracting tho wax 
with heptane, followed by extraction of the TNT with benzene.    This 
separation was also acoomplished by either a batch or a continuous 
extraction process conducted m a Soxhlet. apparatus. The RDX was re- 
covered in suitable yield and complied with the specification require- 
ments.    The TNT was recovered in satisfactory yield and complied with 
the requirements  for Grade II  TNT,    Should the wax be  omitted from the 
RDX Composition B in accordance with a recent reconuuendation, 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 Procasses for tho Recovery 
of Explosive Scrap. 

INTRODUCTION: 

1. In the course of loading operations, quantities of scrap ex- 
plosive are accumulated which cannot b« reused because of possible con- 
tamination with grit or other foreign material.    It would be advantageoui, 
therefore,  to have available methods for the rocovery of the compononts 
ol  the compound, explosives now in use,    Rocovery processes for Pontolit^ 
dnd for tetryl-metal stearate scraps have b^en developed.     The procedures 
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 
desired for use in recovjring this  explosive from scrap RDX Composition A 
and RDX Composition B.    As in the case of both Pentolite and the totryl- 
rcetal stearate mixtures,  the use of a selective solvent appeared  to be 
the most promising type of separation for these RDX explosives, 

OBJECT: 

3. 
vents. 

To determine the solubility of RDX in several inexpensive sol- 

c ^ 

U.    To develop procedures for the recovery of RDX from RDX Com- 
position A and for RDX and TIIT from RDX Composition B, 

RESULTS; 

5, The solubility data obtained for RDX are recorded in Table I, 
along with similar data taken from the literature. 

6, The results of the laboratory separations of RDX Composition A 
are recorded in Tables II and III, RDX complying with specification re- 
quirements was recovered when benzene was used to dissolve the wax. The 
optimum laboratory separation of RDX Composition A involves heating 100 
grams of the explosive with 200 cc, of b^nz^ne at VO^,, maintaining this 
temperature for 10 minutes to insure complete solution of the wax, 
cooling to 500C. and filtering. The RDX collected on-the filter is 
washed twice with 25 cc. portions of benzene, A yield of 99.8 percent 
RDX was obtained by this procedure. Residual bensene was removed from 
the RDX either by drying in an oven at 1000C. or by adding water to the 
RDX wet with benzene and heating to distill off the benzene. When 
50,00 grams of RDX Composition A were extracted in a Soxhlet apparatus 
with benzene, a yield of 9^.1 percent RDX was obtained after 2i» siphonings. 

7, The results of the laboratory separations 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 means of heptane, fol- 
lowod by extraction of the TNT using benzene. The RDXrooovurud complied 
with the specification requirements; the recovered TNT complied v.'ith 
the requirer.ionts for Gradu II TNT. The separation of RDX and TNT from 
20C grams of RDX Composition B wan effected by heating the explosive 
with 800 cc. of hoptano at 900C. for 10 minutes, and then filtering 
at 850C. After v.ashing with two 50 cc. portions of heptane the TNT 
was dissolved in 300 cc. of benzene by heating to 700C., maintaining 
this temperature for 10 minutes and filtering. The RDX loft on the 
filter was washed with two 25 cc. portions of benzen«. The TFT was 
recovered from the benzene solution. The recovery ol RDX by this 
process was 99.2 percent of the theoretical and that of TNT was 86,4 
percent, 

8, The separation of RDX Composition B may also be affected in 
a Soxhlat apparatus by first extracting with heptane, and secondly, 
with benzene. In the Soxhlet apparatus from 50.00 gr uii of RDX Com- 
position B, after 10 siphonings with heptane nnd 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 benzene, yields of 
^7,3 percent of RDX were obtained. In these experiments, IQU grams 
of RDX Composition B were heated with 150 or 200 cc. of benzene to 
700C., and after holding at this temperature for 10 minutes cooled 
to either 50C'C. or 250C.  and filtered. The RDX, which was collected 
on the filter, was washed twice wi^h 25 cc, portions of benzene. The 
residual benzene was removed from the RDX either by drying in an oven 
at 100oC, 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 th^t the wax remained in- 
corporated with the RDX even when the mixture nad been heated to 95C'C. 
These results were not entirely unexpected since a similar procedure 
is used to prepare the RDX Composition A. This irethod was tried, 
however, since it was considered that it might possibly effect the 
separation at elevated temperatures. In addition, if such a procedure 
were effective, it would be more economical than one involving the use 
and recovery of solvents. 

10, One possible method for the separation of RDX Composition A 
«light bo by the use of a solvent for RDX which did not dissolve the 
wax. Inspection of the solubilities of RDX in various solvents 
(Table I) showed acetone to be the only solvent in which RDX is appre- 
ciably soluble, "Xialitative tests showed that the wax which is in- 
corporated with RDX in RDX Composition A i« not appreciably soluble 
in acetone. On the basis of these facts, an attempt was ;nade to 
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offset a separation of RDX Composition A by dissolving   RDX in acctono, 
and filtoring it frcv from tho wax.    Tagt» showed,  howjvor,  that the 
wax cloggjd tho filtor,  causing thj filtration to b^ oxtromely slow. 
Since it was apparent that 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 70oC.    Both benzene and heptane were found to be 
capable of removing the wax satisfactorily, but with heptane the fil- 
tration was quite slow in comparison with benzene.    Benzene is an inex- 
pensive solvent- (00.021 per pound) and because of its low boiliny 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.   Table 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 700C,. and to maintain this tempercture 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 $00C., but at 250C. with a greater volume of benzene,  some 
of the wax was not removed from the recovered RDX,  Table II, Expts, 
U,  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 50oC., 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 continuouü or semi-continuous recovery procedure 
would bo 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. B,    It 
was found.  Table III,   that although 12 siphonings did not  completely re- 
move all the wax, when 2h siphonings ware made^ a yield of 'H.l percent 
of RDX complying with the specification requirements was obtained.    Un- 
doubtedly on a larger  scale,  with agitation of tho RDX Composition rt 
and benzone,  the efficiency of this method of separation could be further 
improved.    Thus, the semi-continuous extraction of RDX Composition A with 
benzene 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,  tho 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 bo separated from the RDX and TNT a solvent 

\ must be used which dissolves neither of these substances,  but which 
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dissolves tho wax.    It was considered inadvisable to attempt to remove 
the RDX and TNT from the wax by acetone because  of the difficulty ex- 
perienced in  the filtration of the wax from RDX Composition A.    Benzene 
is thus eliminated for this purpose, because  it  dissolves the TOT as 
well as the wax.    The results of preliminary experiments showed that 
petroleum ether (hexanc) would dissolve the wax.    Since, however, the 
melting point of RDX Composition B, about 800C,,  is above the boiling 
point of hexane, 690C., there is very little opportunity for tho re- 
moval of wax from t^c interior of solid particles of RDX Composition D, 
Heptane having a boiling point of approximately 980C,,  therefore, was 
tried and was found to be s-itisfactory. Tho solubility of TNT in ben- 
zene is very large, while that of RDX is v^ry small;  thus it appeared 
logical to use this solvent to separate tho TNT from the RCOC subsequent 
to the removal of tho wax.    This part of the process was also found to 
be effective,    RDX, of satisfactory purity, was recovered in yields of 
9o,2 percent and 99.2 percent in Expts.  1 and 2,  Table V, respectively, 
despite the varying conditions used.    In 3xpt, 1, 200 cc, of heptane 
were used and filtr-.ticn of the heptane solution was made at  50ÜC.J 
the benzene  extraction was mad; using 300 cc,  of benzene and filtering 
at 50oC,    In  3xpt,  2,  600 cc, of heptane was  used and filtration was 
conducted at 850C,; the benzene extraction used 300 cc.  of bonzenc and 
the filtration were made at 70oC,    The TOT recovered complied with the 
sp^-cification requirements for Grade II TNT,    For the same reasons, t s 
in the case  of RDX Composition A,  it was thought advisable to  inves- 
tigate the separation of RDX Composition B in ■ Soxhl^t app '.ratus. 
Although 8 heptane siphonings and U benzene siphonings,  Zxpt, 1, Trblo 
VI,  did not completely remove the TNT from the RDX,  this was accom- 
plished with 10 heptane siphonings and 7 benzene siphonings, Expt. 2. 
It is of interest to note that in the heptane extraction in the Soxhl^t 
apparatus, although RDX Corapositiun B became molten,  it did not pass 
through the thimble.    If,  however| in accordance with a recent recom- 
mendation,  the wax is omitted from RDX Composition B,  it would be 
unnecessary to include the heptane extraction.    Since benzene will 
dissolve both the wax and the TNT, several experiments were carried 
out. Table IV,   in which the RDX was recovered by benzene extraction 
of RDX Composition B.    In all these experiments,   satisfactory yields, 
95.7 - 97.3 percent,  of RDX lere obtained, 

1A.    In the recovery of RDX from both RDX Composition A and RDX 
Composition B,  it is necessary to consider the separation of the explo- 
sive from grit which may be present.    This could be accomplis'hcd by 
dissolving the RDX, retained on the filt-T,  in acetone, and then pre- 
cipitating it from the acetone solution by the addition of water. 
If acetone extraction was applied to RDX wet with benzene, a  quantity 
of benzene would be lost uith every batch.    If the benzene could be 
displaced with water,  then the benzene could be recovered and this 
explosive would be left wet with water.    Experiment showed,  however, 
that the benzene was not displaced when water was added to a  slurry of 
RDX and benzene.    Instead,  a pasty mixture of RDX, benzene, and water 
was formed.    Variations in the quantities of benzene and water and the 
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addition of salt did not alter this ivsult,    RDX was finally obtoinod 
in crystalline form fron the wotor-bonzane mixture by raising tho tom- 
pjrature and steam distilling tho benzene.    In the lr.boratory exporiaents 
the benzene bogan to st^am distill at 70oC,    This process was applied 
to RDX recovjrod from both RDX Composition A, Table II, Expts, 8 and 9, 
and RDX Composition B, Table IV, Expt, 5»    In each caso the RDX so ob- 
tained complied with tho specification requirements and thus could be 
reused.    It would be possible,  therefore,  to effect removal of residual 
benzene by adding water to thj bonzeno-wet RDX and st^am distilling. 
The benzene can be recovered from the distillate.    The majority of the 
water could then bj siphoned from the RDX and the acetone process ap- 
plied to the explosive wet with water.    The TOT recovered from RDX 
Composition B, which complied with the requirements for Grade II TNT, 
is probably contaminated chiefly with RDX; it could be reused for tho 
manufacture of RDX Composition B, or for any purpose for which Grade II 
TNT is acceptable, 

CONCLUSIONS; 

15.    It is concluded that RDX may be recovered in satisfactory 
yield and purity from RDX Composition A by the use of benzene to dis- 
solve the wax. 

' 
16.    It i'j concluded taat good yields of RDX complying with the 

specification requirements may be obtained from RDX Composition B by 
first extracting the wax with heptane and subwaquently extracting the 
TNT with benzene.    The TOT, which is recovered in satisfactory yield, 
complies with the specification requirements for Grade II TNT. 

RBCOMkiNDATIONS; 

17.    It  is recommended th£it a semi-plant study of the recovery of 
RDX from RDX Composition A be made using the process described in this 
report.    In the semi-plant study the following procedure should be used, 

a. Extract the scrap RDX Composition * with sufficient benzene 
to remove the wax.    The RDX should then be washed with benzene.    The 
benzene used in these operations may be recovered from the wax by 
ordinary distillation or by steam distillation. 

b. Add water to the RDX wet with benzene and heat the mixture 
so as'to steam distill the benzene.    Collect the distillate and 
recover the benzene. 

■ 

c. Remove the greater portion of the water from the RDX and 
add acetone to dissolve it. Filter the acetone solution to remove 
any grit and add water to precipitate the explosive. The acetone 
can be recovered by distillation from the water solution with 
rectification. It is possible that this phase of the process could 
bo conducted in a manner similar to that used in the recovery of 
tetryl from tetryl containing graphite, 
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18» It is rdcoramondod that a somi-plant study of tho rocovjry of 

RDX and TNT from scrap RDX Composition B bd mado using thj process 
described in this report. Tho procedure for recovering tho RDX is to 
be the sane as that given above for RDX Composition A. Recover the ITJT, 
which is removed 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 RDX Composition B, it can 
be removed by extracting the explosive with heptane prior to the ben- 
zene extraction. 

EXFERDCNTAL 
PROCEDURE: 

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 RDX 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 Composition B, the ben- 
zene filtrate was evaporated to obtain the INT. 

REFTOEWCES; 
  

A. Technical Report No. 1284. 
5. Technical Report No, 1287. 
C. Technical Report No, 1313« 
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Teble III 

Recovery of RDX from RDX Ceaposition A 
Using. Benaene in a Soxhlet Apporatus^ 

Melting^ 
No. of     Weight of      percent   point of 

Expt,    siphon-   RDX recov-    of RDX     recovered 
No,        ings        ered, gas, recovered    RDX« 0C, 

1 

2 

3 

5 

12 

2U 

i»6.0 

Uk.U 

42.$ 

101,8 

98.3 203 

20U 

Acetone 
insoluble in 
recovered 
-■kl  

0.^6 

O.Oi, 

-In these experiments 50,00 gm. samples of RDX Composition A 
were used; tha analysis of the RDX Composition A was 
90.4 percent RDX and 9.6 percent wax, 

iüROX specification requirements: 
Melting point. Type A     200oC., minimum. 
Acetone insoluble 0,05$, maximum. 

1 
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Table IV 

Recovery of RDX from RDX Composition B 
Using Benzene^ 

' 

Highest temp, 
to which Comp. Temp, of 

Expt. B and benzene filtra- 
Ho,   were heatedJ

0C. tion^C. 

1 70 25 

2 70 25 

S                70 25 

4                70 50 

5b              70 50 

Volume 
of 

Solvent, 
CO. 

Yield 
of 
RDX, 
grams 

59.0 

Yield 
of 

RDX. 

f . 
95.7 

Melting 
point 
RDX, 
•a. 

150 198.0 

150 60.0 97.3 198.5 

200 60.0 97.3 198.5 

150 60.0 97.3 198.5 

i*00 59.0 95.7 197.0 

-In all experiments 100 gm, RDX Composition B v.-re used which 
contained 61.7 percent RDX. 

-In 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. 

N 
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Tabld V 

Rocovery ef RDX and TOT from RDX 
Composition B Using Hoptanc nM ?.-J .•* .-ne ä 

Huptano extraction: 
Highost tomp,, 0C. 
Filtration tjmp,, 0C. 
Volumw hoptane, cc. 

Bonzono extraction: 
Highott toa^),, 0C. 
Filtration tamp,,  0C. 
Voluns benzono, cc. 

lielc^RDX, % 

Molting point, RnXf
0C. 

Acetone insoluble in RDX, % 

Yiol<\ TNT, % 
o 

Sotting point, TNT, C. 

Alcohol insoluble in TNT, % 

Experiment No. 
2 

Specification 
Ruquiroment 

90 
50 

200 

90 
85 

800 

70 
50 
300 

70 
70 
300 

9e.9 99.2 

196.6 

0.03 

195.0 

0.02 

Type B, 190 
minimum 
0.05 maximum 

102.1 IM 
79.8 

0.05 

79.37 Grade II, 76.0 
minimum 

0.00  0.0$ maximum 

V 

Sin these experiments, 200 gm. samples of RDX Composition B were 
used; tho cemposition of the RDX Composition B was: 61.7 porcont 
RDX, 36.8 percent TNT, and 1,5 percent wax. 
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Table VI 

Rdcovory of RDX and TOT from 
RDX Ccmj)03ition B Using H^ptano and 

Benzono  in a Soxhlot Apparatus^ 

No. of No. of RDX RDX TOT TNT 
Expt, hopt.-ne       bcjnzvsne    rocovarod, rocovorod, recovjred, recovored. 
No. siphcr.ings siphonings    gn«, % gms, % 

1 

2 

8 

10 

U 

7 

31.9 

^.6 

105.2^ 15.7 

17.9 

81.7 

93.2 

äln those oxporiaents 50.00 gn. samples of RDX Composition B 
wore us<id; the composition of the RDX Composition B was: 
60.6 percent RDX« 38.4 percent TNT, and 1.0 purcent wax. 

Evidently not all the TOT or wax had boon romovod from the 
RDX. 

( •• 
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