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ABSTRACT

The principles and conditions were determined for obtaining BOX
, (or RDX-HMX) in high quality and in excellent yield The RDX was
prepared by the action of nitric acid™ acetic anhydride, and ammonium
nitrate on hexamine which was added in the solid form, in the fbrm of
the dinitrate, and also in acetic acid.

The processing of the product is #escribed Nearly pure RDX oan

be filtered directly from the reaction mixture or a mixture of RDX

. HHX cun be obtained by diluting the reaction mixturo with twater In

order to obtain a good product by the latter procedure and also to
got the dilute acetic acid mother liquor in a hotter condition for
recovery, 1t is rocommended that ihn diluted reaction mixturo bo
haatod at 90-95° for a f3W hcuru.

An acetone and a nitromethane purification of the product were
worked out which gave a product wit?, on acidity, vacuum stability
and ballistic power within tho specifications.

The effect cf various factors on the sensitivity of RDX-HMX mix

tures is d#iscussed

A structure is proposed for the high-molting Impurity, HMX,

* whioh accompanies the RDX.

Some work is reported on the study of BSX, a substance whioh oan

bo obtained from tho same reagents used to proporo RDX.
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revetation o e conene 1 THE PREPARATION AND PROCESSING OF RDX_

- Methode of-Preparation+ '
’ RDX from Hexamine Dinitratc - e

As described in our formal report of last yearl, conditions had
been di covered whereby it was possible to obtain granular RDX of high
quality and in good yield directly in the reaction mixture by the so-
called combination procee . In this new process, hexamine (solid or
in acetic gcid solution or ¥ hexamine diaitrate)Ji treated’ with 36$
nitric pcid, ammonium nitrate and acetic anhydride between 50 and 80°

to yield -wo mol.cs of RDX per mole of hexamine. The verall equation

O?N\ ZCH:,, ZIO?
|

4 HNOj N
2 NHNON  —2 C2 J/CHg & 12 CH"COOH
6 (CHACO)gO XN

|noZ

All of the faotore had not been worked out, however, for occas-
tonally a gelatinous mass would be obtained in the reaction flask
which was difficult to stir and to filter, In the V-seriea of exper-
iments, of which representative experiment( are described below, a

systematic study was undertaken to determine the conditions necessary

. for obtaining granular crystals of RDX. T'nis study was successful.

In V-61, the experimental details of one of the successful pro-
cedures for preparl?gz(\hfcrgzranminc dinitrate are presented. The yield f
RDX (m. p. 201-203° with previous softening)in the first crop (thi
term will bo explained later) was 77fc (based on two moles >f RDX per
mole of hexamine). The preparation of hexamino dinitratc from sojic

hexamine and from commercial hexamine solution is described first.
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HcxaxiothylcnGtotrnnine Dinitrato.- A solution of 120 g. of
hexanethylonetotraninc in 210 cc. of water was prepared in a one-liter,
v/idc-nouthcd Erlonncycr flask. The flask was placed in an ice-salt
bath and the solution stirred mechanically while, 130.5 cc. of 70$
nitric acid was added_at such a rati that the tenperature did not rise
. above 15°. The icluticn was cooled to 5° and filtered (we centrifuged

our product but suction nay also be- used). The solid adhorln% to the
flask was '.ashed into the Tilter with a small portion (20 to 40 cc.)
of ice-cold 20% nitric acid. The product nay be washed with acetone
to facilitate drying but this is not nocossary. Thu hexanethylene-
t(%tsrg)nlno dinitrr.to is air dried at roc® tunpuraturc; yield, 217 g.

It was of interest tc doturninc if the cunnercial hexanino solu-
tion could bo u3ud directly in the preparation of hcxaninc dimtratc
without the previous isolation of the hoxaninu. We obtained fron du

Punt (R.&H.) a carboy of hcxaninc solution which vu found to be 25.5%

hexaninu by weight.

A.- A 447 cc. sample ef this solution was concentrated under
reduced iircssuro to a volume of aopprOX|majcer 270 cc. To this was
added §terr_1 erature kept under 15°), frcpwiac, 156 cc. of a 60$ solu-
tion of nitric acid (a 19% excess). Atfter cooling t- 5 the product
was #entrifuge and ailr dried. Yield, 214 g. (93%).

B.- In scr.c Ixpcrime-nts the 25.5$ s-lviti -n vas used without
concentration. For example:: 300 cc. .f the Selutictl) was treated, in
the cold with 95 cc. of 70% nitric acid (a <5$ excess). The fixture
\évas(gzgl)ed t. 5° centrifuge'?., and the privet air dried. Yiuld, 144

These sxperir.x;nts indlcr.te that it iu feasible to obtain hexemino
Cinitrato directly from toxanin solutions.

~ V-61:'- A five-nftcked, one-liter flask was Used, (on nvck f~r an
efficiu it Etechr.nical stirrer, one fcr the- therncmutur, tw for bur
Qttes, an, a largo flanged one for the additi-n of selid). The- fl:
was place:- in a watur bath n”t much larger in diameter thar itself
This bath \:Las equipped with a ther criuter and could be heated by s
and ¢ _clod by running water. o )

Three Lun were required to regulate the addition and cont-ril the

temperature for the r..acti n. Sixty-five grarid c-f hexa .ine dinitratc
was divided into 2e ; rti.ns, (,,ach perti-n was w ihud inte_a dry
.test tube f.r c.uvcniunce in handling; 160 cc. ef e-tic nnliyCiido w.as
placed in burette calibrated in 27 portions; an-? 25 cc. ef 99%
nitric act" was place' in another burettu calierf’en’ in 27 pcrti..r.s.
. At the- be inning ef the run, 20 g. ef y wdcre ar-, niu. nitrate
and 15 cc. .-f -la ir]l acetic acid went place _if. t _ flask. The tu.a-
pcraturc was raised t. 75° and tw "ortlf.f ¥ agetic a ihy-‘ri'a were

Art
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added. Vigorous stirring wai started. After the addition of one-
quarter portion of the dinitrate, (to act as an inhibitor), one por-
tion of nitric acid was slowly a-lded. The second portion of nitric
acid was added simultaneously with the addition of the remainder of
the first portion of dinitrate. The remaining twenty-five portions
of the three reactants were then added eo”i" alcntly and simultaneously
over a period of about fifteen minutes. Five portions, (five grams
each), of powdered ammonium nitrate were added at convenient intervals
during the additions of the first ten portions. The temperature was
maintained_at 72-78° for the entire reaction.

_ . The first man added the nitric acid_and watched carefully_the
inside and outside temperatures, regu_latln% the steam and coollnct;
water. The second man added the acetic anhydride to correspond to the
addition of the nitrio aoid and. watching tho nitric_acid burette,
called off the addition in quarter-portions. The third man added the
nolid, hoxamine dinitrato, to correct>nd to the additions of nitric
acid; he added a quarter of tho contents of the test tube at a time.
Tho addition of tho liquids was continuous and that of the solid
effectively so, éI.Q: tn 100 quarter portions). ]

) After the addition was complete, the mixture was stirred for
fifteen minutes at tho same tempuraturo. The wat™r bath was then
removed and the mixture was allowed tc cool to 60°, (about ten minutes
swere required). It was filtered through a warm coarse Jena funnel.
The product wa3 washed wita 30 co. of cold glacial acetic acid, and
then with two bhO cc. portions of hot water.  The air dried product was
egranular and of good appearance; yield 83.3 g. (77%$); m. p. 201-203°
ccrr., with previous softening.

The following table gives data on runs similar tc V-61. It shows

the effect of reagents and manner of addition on yield and quality.
Table 1
experiments Similar t. v-Gl

In these experiments 6b g. of hexamino dinitrato, (DN), was used.
In runs V-12 to V-33, the anhydride r.nd nitric acid were previously
mixed, (in the cold); in runs <-40 to V-60 they were added separately
without mixing.
' abbreviations: AcOH= .acetic acid; Ail = ammonia:?. nitrate; AcAn -
acetic anhydride: DN = hexaminv dinitrato; IEL = mother liquor (. t
diluted wifi v/ato; ) from e previous botch.

T-- sretical Yi 1 - 10G.



ezig
n.-

Run
No.

V-12

V-13
V-14
V-15
V-21

V-27

3 v-29

8-

H

V-30
1 V-31
V-32

V-33

V-34.

V-3

V-3-

field
first
crop

51.2

67.6
77.0
71.3
67.1

80.7

82.1

73.5
82.6
84.2

82.9

79.6

SI.0

81.6

95,7

M.R.
°C
corr.a

204-205°

203-204°
196-199°
201-204°
203-"'04d

202-203°

200-204°

199-201°
198-201°
199-201°

200-202°

198-200°

201-203°

200-202°

11 100°

5

Nitric AcAn
Acid, cc.
cc.
26 160
26 160
22 160
26 160
27 162
23 166
24 160
22 160
24 160
25 160
24 160
24 160
26 160
26 160

AN added du- ¢ Material in
ring reaction flask at
start

39 g. mixed 14 cc. mix.
with BN

i It 7 cC. mix.
it it 14 cc. mix
13 cc. AcAn
45 g. mixed 14 cc. mix.
witlg BN 13 cc. AcAn
59. AN
15 g. after 15 cc. AcOH
ortion #8; 14 cc. mix.

5 g. after 20 g. AN
#14

39 g. mixed 10 co. AcOH

with DN 14 cc. mix.
11 g. AN
n n as in V-28

as in V-28 as in V-28
as in V-28 15 cc. HLe

10 g. after as in V-28
ortion #8;

g. after
#14
20 g, after 15 cc. ML
portion #5 14 cc. mix.
25 g. AN
n, ne 15 cc. ML

f cc. mix.
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7-41 si.: 1S8-2C0° 27 ISO none as in V-39

8548 198-203° 26 130 none 30 cc< 150
98-203 45 g. AN
(gran.)
V-49S81.4  199-203° 26 160 none 30 cc. 1H
45 g. AN
V-5Gh81.4  199-203° 23 130 none as in V-40
- : 201-203° 2 130 6 x 5-g. 7 cc. AcOH
V60 846 01-203 ° portio%s. 14 cc, AcAn
C.75 cc. HNC.
15 g. AH '

Notes: (a) With previous softening, (b) Volume cf 98$ nitric
acid at 10°. (c) Powdered ammonium nitrate, (at) Solution of nitric
eacid in acetic anhydride, (e) Clear mother lienor from previous run.
(f) Addition required 11 minutes; product was granular, (h) Addition
required 15 minutes; product was granular, (i) By accident solid was
added one portion ahead of liquids.

Comiaortr ~n Jrtic | :~ Experiments 7-12, 7-13 and 7-15 show the
resalts of being different amounts ahead on the addition of the liquid
mixture, all three experiments used the same amount of nitric acid.
V-14 iiscd less total nitric acid, the result: lower quality, higher
yield. 7-27 and V-28 show that using more than the theoretical amount
of ammonium nitrate results in an increased yield of good quality. A
Icomparison of V-29 with 7-30 shows that with 50 g. of ammonium nitrate>
24 cc. of nitric acid produced a higher yield than did 22 cc. A com-
parison of V-28 with V-30 shows that the quality is distinctly better
+ when the ammonium nitrate is added in the early part of the reaction.
Th high yield (80%$) and the low quality of 7-40 show the drastic

-he ieli (hcxamlne dinitratc)



before the addition of the corresponding amount of the liquid reagents
An examination of V-48, V-49 and V-50 leads one to conclude that (a)
if a run with coarse anmonium nitrate is carried out slowly (V-50)

the results are the same as using fine amionium nitrate and operating
sroro rapidly (V-49); hoviever (b) if the run with the coarse ammonium
Nnitrate 13 at the same rato as that with the fine, the yield is highor
but the product is inferior (V-48).

The 7-61 technique is quite satisfactory from the standpoint of
yield and quality. However, because of the small volume in the flask
at the beginning of the reaction, control is difficult, a difficulty
sthat migilt became more marked on a larger scale. For this reason we
conducted a scries of experiments with the object of maintaining the
[?.eld «rzi quality but using a larger charge in the flask at the
beginning ¢ f the reaction. V-86 is the result of thia work. The
initial charge has been doubled and the yield and quality aro still
good.

V-86:- The general technique is the sama as that described for
V-61. THe hexamine dinitratc used, (65 g.) was divided into 26 por-
tions. Ono hundred and forty-five cc. of acetic anhydrido was_placed
in a burette calibrated in 26 portions, and 26 cc. of 98$ nitric acid
vias placed in another burette calibrated in 28 portions.

At the beginning of the run, 50 g. of dry ammonium nitrato (60-
120 mosh) arid 30 cc. of gloci.al acetic acid were placed in the flask.
The temperature was raised to 75° and 30 cc. of acetic anhydride was
added, (this vias 30 cc. in _addition to the 145 cc. In the burette).
The rusultin | mixture was fluid and quite easily stirred. After the
addition o’ one-quarter portion of the finitrato (to act as inhibitor)
two portions ;£ nitric_acid wore slowly added.. The third portion cf

_tric acid _ then aihluf simultaneously with the remainder cf the
fII’StTﬁOI’tIC.I_ £ dinitrate ar.'. the first portion of acetic anhydride.
~ The rcaainin.; 25 portions cf the three reagents were then added
vquiv i?.~ntly 1.nd elimuttancuusly ,ver a period ./f .about twelve, minutes.
The tonp-i" tvrj withLn thw flaSk was maintained at 74-76”™ throughout
' the ad liteon.
Aft- _tmidd:i Lii.,r .~ complete, the rzhaturu v--0 stirru.. for
teci;: .iiiVteu ni the .iaxie ter.eerv.turc, &' twi) ull-wu.l to cool to
and filter-... arrl wssheYield, 81.8 g.; ..201-203'- (corr.).
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T-ble 1l gives data on run3 similar to V-86.
Table 11
Experiments Similar to V-86

_All of those ins requirod approximately fifteen minutes for the
addition of the reactants. The temperature throughout was maintained
at 74-76°. In all of the experiments oxcopt V-87 and V-88 thore was
50 g. cf powdered ammonium nitrate in the flask at tho boginning.

All experiments employed 65 g. of hexaminu dinitrate divided into 26
portions. T.u runs were started with 30 cc. of acetic acid and 30 co.
of acetic anhydride in the fla3k. The quantity cf anhydride listed

in tho table does not include the 30 cc. in tho flask at tho start.

Theoretical Yiold, 106.8 g.
Run Yield M. p. °C. (corr.)a AcAn Total co, Cc. of nitric

No. first co. of nitric acid in flask
crop acid at start
&e
V-70 72.0 203-205 (198) 145 26 Cb 3
V-71 76.4 202-204 (195) 145 27 C 2
V-72 78,5 202-204 (195) 145 26 C 2
V-73 82.0 202-203 (195) 145 26 R 1.5
V-76  84.0 199-203 (190) 130 £6 R 2
V-77 815 199-203 (190) 130 26 R 3
V-78 76.6 201-204 (195) 130 27 R 3
V-83 80.5 199-203 (193) 145 26 R 2C
V-84 76.7 202-204 (197) 145 26 C 2
V-86 81.1 201-203 (196) 145 26 R 2
V-87 80.7 202-203 (196) 145 26 R 2a
V-88 83.0 201-204 (196) 130 26 R 2°

a) Softening points are given iri parentheses.

b) Thu letter "C" indicates that tie volume was measured at
10°; "R; indicates that the volume was_measured at 25 » = )

(c) At the beginning of the reaction, the 2 cc. of nitric acid
were added to the acetic acid before the 30 cc. cf acetic anhydride
were added. _ .

(d) A total cf 45 g. of ammonium NI eraca sec.; 25 9. was
at the start and 20 g. additional was ?."’vd ever the dditinn of the
fir3t eight portions. ] .

(e) Arroniuc nitrate added as in n. tc (d). .11 ef thu acetic
anhydride was ad-lad before the addition ei p.-rtien /20,
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Coranents on Table lit- Experiments V-70, V-71 and V-72 show
how the quality depends directly, and the yield inversely upon
the quantity of nitric acid. A comparison of V-76 and V-86 shows
how the quantity of acetic anhydride may have the same effects
upon yield and quality. Runs V-87 and V-88 indicate that less than
50 g. of ammonium nitrate may be sufficient. Run V-88 indicates
that i1t may be of value to add the acetic anhydride during the earlier
part of the reaction (cf. V-76).

During the summer months we kept the nitric acid in a cold
place to prevent its decomposition. Then this nitric acid was usod
the volume was measured at 10°. Slnca V-73 the majority of our
experiments were performed with nitric acid at room temporature.
.Those volumes woro measured at about 25°. We have found the results
to differ appreciably depending on the temperature of the nitric
acid when it was measured out. In Table Il we have specified whether

the acid used was cold or at room temperature.

CONFIDENTIAL
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RDX from Hexamine CONFIDENTIAL

"“During the previous year RDX had been prepar-d not only from

hexamine dinitrate but also from solid hexamine and from hexamine in

acetic acid 3%olution (presumably as the hexamine diacetate). The
procedures with solid hexamine corn sponded to those in which the di-
nitrate was employed. With hexamine dissolved in acetic acid, tho
preparation was carried out by adding gradually tho two solutions, (1)
hjxaminc in acetic acid and (2) nitric acid, to ammonium nitrate and
acGtic anhydride (62% yield)¢? Tho conditions which woro worked out
for tho preparation of high quality RDX from hexamino dinitrate woro
found to bo applicable now to tho preparation of RDX from hoxomino or
from a solution of hoxomino in acetic acid.

From Soli.. Hoxomino:- In V-46 aro given tho dotails of a prepa-
ration of RDX using solid hoxomino. F>r the liquid in tho flask a
certain amount of mother liguor (not diluted with water) was used
which had been obtained in a previous run by filtering tho solid RDX
from the cooled rfaction mixture. Mother liquor was employed in order
to oliminatc ths use of fresh acctio acid and thus eliminate a certain
amount of the recovery of this iaugont. Tho procGduro also represent-
ed a preliminary stop toward a continuous method of operation. Mother
liguor was usod in all of the experiments listed in Table 111 except
V-116 and V-11G in which a mixture of acetic acid and acetic anhydri x
was usod in tho pot.

¥—46:— Tho procedure was the same as that employed in V-61 (page
3). he hoxnmine (33.6 g.) was divided int.c 26 portions. One

*

Dr. G. F. bright at tho University of Toronto was the first to
use a solution of hoxomino in noetic acid.**

**

This procedure was inadvertently omitted from tho formal re-
port cf last year.
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hundred and thirty cc. of acetic anhydride was placed in a burctto
calibrated in 26 portions and 41 cc. of 98% nitric acid was placed in
another burette calibrated in 26 portions. _ .

At the beginning of the run 65 g. of ammonium nitrate and 30 cc.
of mother liquor from a previous run wero plaood in the flask. The
. temperature was_raised to 75° and 30 cc. of acotic _anhydride, (this is

30 cc. in addition to the 130 cc. of acetic anhydride in tho burette),
Is added.. The addition of the two liquid and solid reagents is then
. startod simultaneously. The roagents are addod equivalently over a
eriod of about fifteon minutes. = The product is aged and oooled as
eforo to 60° filtered, washed and dried. Yield 75.4 g. (first crop);
m.p. 200-203° (c.crr.).

Tablo 111
RoprcscntativExperiments Using Solid Hoxanino

All of these experiments used 33.6 g. of solid hexaminc and 160 cc

of acetic anhydride and were run by the procedure described in V-46.
The addition Of the reagents required aE)pl'cx_lmater fifteen minutes.
The temperature was maintained at 73-77° daring the reaotion. In all
cf the runs, except V-118 and V-121, 30 cc. of the cool, clear mother
liguor from a previous run was placed in the flask with the ammonium
nitrate before the other reagents were added. The addition of the
liguid and of the solid reagents started at the sar?o0 tine except in

runs V-5S and 7-54 where the liquids had one portion addod before the
addition of solid tommence ~.

Theoretical Yield = 106.8 g.
Run Yield M.p. °C Nitric  Ammonium Nitrate

NO. first corr. Acid cc. g-
crep
£>e
V-42 57.8 201-204° 47 50 g- in at start
V-43  64.8 201-203° 43 f L
V-47  78.2  197-202° 43 50 5 in at start )
25 added after portion
res

V-53 69.6 199-202° 41a 65 g. iNn at start
V-54 66.9 202-205° 43a as in V-47
V-118t 68.6 198-202° 42 as in V-53
V-1210 66.2 198-203° 43 n n

a) One portion ahead on tho addition cf the liquids. )

b) Ran in 50 minutes; total of 175 cc. of acetic anhydride
used. Pot contained 30 cc. of acetic anhydride al-ng with the ammonium
nitrate.

(c) Total of 175 cc. of acetic anhydride used. Pot contained
30 cc. of acetic anhydrido along with the ar.imoniuri nitrate.
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Coments on Table 1117 Higher yields were obtained when less
nitric acid was usod than would be calculated from the experiments on
the dinitmte. A larger amount of ammonium nitrate appoars to be
desirable than is used with hoxnnino dinitrate. A comparison of V-47
and V-54 shov.s the tremendous difference enusod by being one portion
ahead on the liquids, acetic anhydride and nitric aoid, relative to
tho addition of the bexamine. More efficient cooling is needed with
hexamine than with hoxamino dinitrate.

Hexamine tn Acotic Acid.- The fallowing variations of the

procedure wore employed (arrows signify wadded ¥o

Procodure  Soluticr.s in burettes Material in reaction flask
1) Hexcmino _in AcOH > Suspension cf ammonium
23 98% Nitric acid nitrate in acetic anhydride
1) Hoxamino in AcOH Suspension Of ammonium
2) 98% Nitric acid nitrate in AcOH (small
3) Acetic anhydride amount) and some acetic
anhydride
Hexomine in AcOH Mother liquor or simulated
Ammonium nitrate in mother liquor (AcOH and
nitric aoid acetic anhydride)

3) Acetic anhydride
Only a fow runs (V-123 and V-128) were nude employing procedure
A (a procedure which Dr. J. R. Johnson has studied extensively) We
obtained somewhat hotter results by procedure B and variations which
represented a compromise between A and B. Tho rosuits of represent-
ative experiments are given in Table IV. The experimental details
of on experiment employing procedure B are given in V-129.

Bxanplo of Procedure B (V-129).- The operations were carried
out in the manner described in V-61.



) A solution was Frepared containing 33.6 g.
in 55iC g. of glacia
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requirod for one run.

to deliver the 88.6
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of hoxnnino dissolved

acotic acid (actually ten tines this amount was
The burette was fillod with about half again the amount

Tho burotte was calibrated from near the top

g. of solution in 25 equal portions. Thus It was

not necessary to drain the lust third of the somewhat viscous solution

from tho burette.

anhydride and calibrated in 25 portions.

A socond burette was filled with 80 co. of acetic

Tho third burette was

filled with 47 cc. of %% nitric add; 45 cc. divided into 25 equal
portions'and the other 2 ac. to bo added at the beginning of the
reaction.

30 cc.

ride was added.

acid.

tomperaturo at 7B-75®, The

of glacial acotic acid wore )

ature of the water bath was raisod to 80° and 80 cc. of acetic anhyd-
"Then tho intomnl temperature had risen to 65°,

0.5 cc. _of tho hex’rdno solution was added and then 2 cc. of niirio

I Tho twenty-five portions of the throe reagents were then added

simultaneously over a period of thirteen minutes, maintaining the’

washed and dried,

: Yield, 72
The hot filtrate was diluto

for throe hours on c¢. steam bath.

Run
NO.

V-120

V-123

V-124

V-125

V-126

V-127

Yield;
total

81.2

76.0

81.1

80.4

85.6

83.6

product was &ged
g. (68%); m.

Total yiold 84.7 g. (80%).

Table

v

At tho beginning of tho runj 65 g. of dry azxioniuh nitrate and
placed in the flask. The temper-

cooled to 80® filtered
( p. 199-203° (corr,).

with 630 co. cf hot water and heated
r : Tho mixture was coded to room
temperature and filtered. Yiold of second crop, 12.7 g.; m. p, 190-
19’ J (corr.)e

Experiments Using Hoxamino Solution

Yiold&
crops

NE N DR N N

N

A

N

A A AT NN

S.
63.1
18.1

63.4
12.6

67.8
13.3

68i7
11.7

71.1
14.5

72.9
10.7

(Procedures A and B)

Theoretical Yield, 106.8 ft.

0
M. p., C.
(corr.)®

199-203
191-197

198-202
190-194

198-202
189-195

195-201
188-198

200-203
190-198

195-201
190-200

Nitric

ncid;0

AoAN,
ccC.

43-0
130

43-0
Nono

43-0
60®

43-0
100®

47-1
100e

44-1
80

Material in fluskd
at start of the
r motion

60 cc. AcAn; 65 g.
AN
160 cc. AcAn; 65 g.

AN

100 co. AcAn; 65 g.
AN

30 cc. AcOH:; 60 cc.
AcAn; 65 g. AN

100 cc. AcOH; 60 cc
AcAn; 75 g. AN

30 cc. AcOH; 80 cc.
80 cc. AcAn; 65 g.
AN
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Table IV (continued)
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V-126 82.8 1) 68i6 199-203 47-4 100 cc. AcOH: 160 co.
23 14.2  191-199 none AcAn; 65 g. AN
V-129 84.7 1) 72.0 199-203 47-2 30 cc. AcOH: 80 co.
23 12.7  190-197 80 ACAn; 65 g. AN
V-130 82.0 1) 70.0 198-203 47-2 us in V-129
23 12.0 191-195 80®
V-131 62.8 1) soe 2) 47-2 as in V-129
23 82.8 ~ 196-202 80
V-139 66.6 1) 71.7 199-203 47-2 100 cc. AcOH; 60 cc.
2) 14.9 195-202 100 AcAn; 65 g. AN
V-14 86.4 1) 73i6  200-204 47-2 30cc. AcOH:; 60 cc.
0 23 12.8 194-201 no AcAn; 65 g. AN
+°V-142 86.0 1) 73,3 200-203 47-2 as in V-140
i s 23 127  190-197 110
wns 834 1) 713 201-204 50-3 us in V-140
w 23 12.1  194-200 110
" 66.4 775  199-202 47-2 30 cc. AcOH: 30 cc.
Iﬂl I 123 10.9 140 AcAn; 65 g. AN
- . 1) 78.0 199-202 47-2 30 cc. AcOH: 30 cc.
V-V 880 23 10.0 193-204 140 AcAn; 50 g. AN
V-148 13 69.4 201-203 50-3 as in V-147
2 140
- 88.0 =1 see 2 47-2 as in V-147
V=149 || 88.0 ) 195-202 140
V=150 13 741  201-203 47-2f as in V-147
2 140
V-151 B 785 196-202 411162 as in V-147

All experiments are identical with V-129 except as noted

Notes:- (a) Following "I’ are the weight and n. p. of the first
crop; Is the second crop. See description cf V-129 regarding the
first and second crop, (b) 771th previous softening, (c) The first
number is the total cc. of nitric c.cid used; following the hyphen is
tho number cf cc. added before the equivalent addition cf the three
reagents oommenocs; the bott.cn number is the cc. cf acetic anhydride
added, (d) Soo Tab_le I for tho abbreviations used, (e) All acetic
anhydride added during tho first six minutes, (f) Addition roquirod
25 minutes, reaction run at 65°
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In procedure C the amnoniun nitrato W hadec Th the Tom of a
solution in 98% nitric acid, As a result oil of the reagents employed
in the reaction are added in the fbrn of liquids. After this proced-

. uro had been devised, wo loorned that Dr. G. F. Wight had used it
earlier.

"'hen ammonium nitrate is dissolved in yellowish 98% nitric acid,
gassing occurs. This ceases after a short tine and a nearly colorless
solution results (with the proportions given in the experiment).

In previous experiments in whioh a small amount of 98% nitric
acid was added to acotic nnhydrido in the reaction flask at the start
of r. run, 1t was observed that a rather violont reaction was likely to
talco place /hen the mixture was kept too long at 70-80° before thG
addition cf the ether reagents was started. A smell amount of hox-
omine, froa or in the f<ras of its dinitrate (or diacotatc) was found
to inhibit thi.juiosirablo reaction. It was observed that a nixturo
of acetic anhydride and the solution of arxianiun nitrate in nitric
hefd used in thG oxporinants did net readily give rise to tho violent

re?cr:’ﬂon (nt least it wad greatly delayed) so that nc hexanine needed
to?>+padded as an inhibitor.

experimental details for thG procedure C arc given in V-167.

12
) ixampLe of Procedure C (V—167¥.- Fifty-five g‘ of ammonium
nitrdTe~w5s“3fss31'vdZTn 7E g. 8F96t1 3 nitric acid and, aftor gassing
had ceased, ths solution was cooled to rocr. temperature. The hexanino
solution was nrepared as in V-129; for the experiment 89.6 gI of tho
acetic acid solution containing 33.6 g. of hexanine was employed. The
wnonium nitrn.tc-niAc acid solution was placod in a buretto calibrat-
ed in 25 equol portions plus one 6-cc. portion. The acetic anhydridG
(150 cc.) wo.3 placed in another burotte calibrated in 25 portions.

At the start, 30 cc. r.f ?Lamal acotic acid and 30 cc. of acotic
‘anhydride wero plncol in tho flask. After tho tompcraturc had boon
raised to 75°, cc. -f the ammonium nitrato-nitric acid solution was
added from the burette. Tho three liquids in the burettes wore then
‘added norticn for '«?t..'n si."3'J.tanec'dsly over n period cf thirtoon
minutes. The tempcrut.ire was maintained nt 73-75° and the mixture was
stirred vigorously throughout tho feaction  The mixture was stirred
at that torrx raturc for tor. minutes, than allowed to cool to 60° and
filtered. Yield 70.7 g. (first crop); n.p. 2(2.-203° (oorr. ).
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In another run the reaction mixture was diluted with 600 cc. of

hot water_and the well stirrod reaction mixture & i allo red to cool to
20° and filtered. Yield 84.1 g. m.p. 197-202° (corr.).

In still another_run the reaction mixture without dilution with
Wit hot water. el 78777 nep. 188 pacuet filtered, and wash-

Proccdured for preparing RJIX i—.ng Ic_. amr-“nium nitrat- t- |If it
is difficult to recover the excess ammonium nitrate used in tho pre-
paraticn of RDX it booomes of prime importance to reduce the exc»_.
ammonium nitrate used to a minimum. We have conducted a erics of
experiments using the ammonium nitrate dissolved in the nitric acid
with the aim of cutting down the ammonium nitrate

Tho following five experiments are cited as typical of tho results
obtﬂjne_d whon looo ansonivn nitrate in employed.

Table V
Experiments Using 1os3 Ammonium Nitrate

All of those experiments arc by the same general procedure as

described for V-167. The ammonium nitrate was dissolved in _nitric add

In all cases 33.6 £+ of hexaninu dissolved in 50 g. of acetic acid was

employed, The RDX~was isolated by filtering tho undiluted nether
liquor at 60°.

Run First M.p. cC Reagents added Liaterial in
No. cropO0, (corr.) flask at tho
g« start

V-152 74.2 201-203° 55 g. AN . 2b 5 cc. AcAn
72 g. nitric acid 25 cc. AcOH
165 cc AcAn

V-1530 72.8 201-203° 50 g. AN g 30 cc. AcAn
72 _g. nitric acid 30 co. AcOH
145 cc. AcAn 5 g. AN

V-160 71.5 200-203° r. Al ) 30 cc. AcAn
v< . nitric acid 30 cc. AcOH
' AcAn

V-161® 70.9  201-203° 5%V 5. .7 ) 30 cc. AcAn
75 y. ni.tr;.c acid © 30 cc. AcOH
J40 cc. Ac .

¥-163 77.5 199-20. 50 g. AN o 30 cc. AcAn
70 Tl. nitric noil ° B 30 cc. AcOH

140 cc. AcAn
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Hotes: (a) Approximately 10 g. should, be added to these values
to get the total or single crop yield, _(b) This is the number of
ee.*| of the ammonium nitrato-nitric acid solution added to the flask
before the simultaneous addition of the three reagents commences. For
the abbreviations used, seo Tablel. (c) The product from V-153 and

v V-161 filtored well. In the other runs thoro was a small amount of

very fine material which caused the filtration to be slow.

Those five experiments indicate that it may bo possible to (level-
ope a sati itfaotory procedure for the preparation of RDX using well
under 60 g. of ammonium nitrate .

Effoct of Various Factors on Yield and Quality of RDX

and Concentration of Roagents.- It was found that in

fgencrhl the mixture should contain throughout tho reaction;

1) Some excess of nitric acid
] 2" Some oxcess of acetic anhydride
A 3) Some excess of ammonium nitrate
Those statements apply to tho initial mixture in the pot at the start
of tho roaction as woll as to tho reaction mixture during the reaction.
In ordor to obtain the propor conditions, some nitric acid and acutio
anhydride and ammonium nitrate were generally added to acetic acid in
tho pot beforo the run was 3tartod. Usually the concentrations wore
those ''hich prevail in the mother liquor at tho ond of the run. It is
especially important that tno nitric acid concentration be maintained.

If too little nitric acid is employed or if no nitric acid is
presont, O gelatinous product is formed which is difficult to stir and
difficult to filter. L large excess of nitric acid results in excep-
tionally high quality RDX but in a lower yield, so there, exists a
moro or less optimum concentration of this reagent.

It was our experience that it is best to avoid too groat a con-
centration of acetic anhydride tn the reaction mixture. For this
reason we preferred, fcr example p ?ocedarc 3 over A (pagu'l2) in
which the acetic anhydridb is added gradually along with the other

reagents to the reaction pot, rather than have it all in the pot at
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the start of the reaction  Toe much acetic anhydride seemed to result
in a decreased .yield. One roason for this may be the fact that ammon-
ium nitrate is not very soluble in noetic anhydride.

If the amount of ammonium nitrate is too small, tho yield of
product drops. With a larger amount of ammonium nitrate a greater
amount of nitric acid can bo toloratod by the reaction mixture, which
results in a high yield of good quality RDX.

Effect of Tine and Tomporaturo.- In all work previously reported
fifteen ninutus was more or loss tho standard titio of reaction for the
amount cf hcxaminc (33.6 g. or the equivalent amount of dinitrato)
used in the runs. Anticipating difficulty in adding reagents in that
tine on a larger 3cale, wo carried out a number of experiments in
which the time cf addition of reagents was greatly inoreasud.

In general wo found that satistfactory results con bo obtained in
slo-rt runs provided a lower reaction temperature is used. The follcw-
Ing table shows the results obtained.

N Table VI

Theoretical Yield, 106.8 g.

Yield M.p.°C Tino of Temp, of Nitric acid

first (corr.) Addition Reaction co.

crop, g. (minutes)
V-36 (a) 78.6 202-204° 34 75° 26
V-94 (a) 78.9 200-2u3° 24 75° 26
V-98A (a) 73.3 201-203° 54 75° 26
V-98B (a) 6b.7 202-204° 54 75° 26
V-99 (a) 74.8 272-204° 50 75° 2b
V-100 (a) 79.0 202-204° 50 65° 25
V-101 (a) 745 202-204° 50 55° 25
V-102 (a) 76.4 105 6.5° 25

V-86C. (&) 72.0 201-203° 120 05° 2b



V-103
V-105
V-106
V-107
V-108
V-116
V-118
V-150
V-187
V-188

Notes.-

V-61)7

."d13801vo

(a)
(a)
(a)
(a)
(V)
(a)
(b)
(©)
(d)
(d)

T ) )
(S %n acotio acid was used (procedure B)
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Table VI (pent.)

78.2 202.5-204.5° 60
83.5 199-201° 13
76.6 201-203° 50
70.3 201.5-203.5° 100
66.4 198-202° 60
77.1 201-203° 25
68.6 198-202° 50
74.1 201-203° 25
63.7° 193-195° 25
59.7° 1.99-201° 6

67°
65°
65°
75°
65°
70°
65°
65°
65°
75°

CONFIDENTIAL

24
25
26
25
41
26
41
47
41
41

(a) Hoxamine dinitrato was tho reagent used (procedure
Solid hexainino was used (procedure V-4g?- Tr(\g)hechammC

(

Xamino

Lww dissolved in acetic acid and the ammonium nitrate was dissolved in
~98% nitric aoid*

5

9

S.5S

(@) Total crop.

Propassing of RDX

filtration of RDX from the Roaotion Mixture.-

In a groat many

experiments the reaction mixture, containing suspended RDX, was coolod

to 60° and than filtered at this tomperaturc.

The produot on the

filter (so-oallcd first crop) was usually in the form of glistening
crystals and was high quality RDX, practically free from HMX. Its m.p.
was usually above 200° and it3 sensitivity corresponded to that of RDX

‘prepared by the direct nitration of hexanino.

From the filtrate a secondcrop cf product was obtained usually by
addition of water, fcllowcd by di".:>Ji~n at 95 .

This material
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contained appreciable amounts of HMK and unless submitted to a spec-

lol treatment (to be described later) was abnormally sensitive in the
impact test.

By employing the filtration at 60°, the yield of produot formed
in the reaction was determined (although only the first crop woe
weighod”the second crop usually amounted to about 10 g.) much more
rapidly than the case when the entire produot was obtained by dilution
of the reaction mixture with water, sinnering, cooling; etc. Moreover;
by working up the filtrate separately from the solid phase; the teoh
nlquo was discovered for getting a second crop in an exoellent orys-

. taiiiﬁe form; and this technique was then employed when the entire
reaction mixture was diluted.

Dilution and Digestion at 95 » When the total produot was to
be isolated”™ the reaction mixture at 60-70° was diluted with water
until the aoetic acid concentration was reduced to 30-50%; tho mixture
was then hooted on a steam bat\ (intomnl temperature 90-95°) for an
hour or more, then the mixture was allowed to cool spontaneously
with vigorous stirring. Tho resulting product filtered with #&ase

It had been found that if the dilutod mother liquor was not
heated for sono tir.e, tho product which was thrown out of solution
by the wr.tor was in a poor condition for filtration. Moreover, when
the filtrato was evaporated under reduced pressure, in order to re-
cover the acetic acid; a v/nte?.-iraoluhle oil appeared in the flask
during the last stager, of tho dibtil.acior.t This oil (which was
decomposed by hot aqu.eevs acid. g..vi-y; ofl formaldehyde as one of
tho products) did not apporu if t>n diluted rother liquor had been
heated at 90-95° fez t ore hcu . AccordingLyf the simmer-

ing technique ras uirloyod 'm0 fvt’.rc.

Cooling Stirr~?-- <ill “c discussed In the section



* I CONFIDENTIAL
orjj&ensitivity, n sensitive product results if a hot mixture of RDX

and HMX in 30-50% neotic acid is allowed to cool spontaneously with
cut stirrr’£. 1If, howovor, tho mixture is stirred vigorously during
tho cooling process, the product possess > noraal ¥ensitivity
Purification of tho Product

The product which was obtained by the operations described above
was unsatisfactory fron tho standpoint of acidity and vacuum stability
A satisfactory product was obtained by dissolving the product in
acetone or nitronethane and then passing stoua into the solution
until all of the organic solvent was removed.

Purification by an Acetone Treatment.- Fifty grans of crude
RDX (acidity, 0.25%) was dissolved in_v." cc. of hot acetono, and
stoan was passod into the solution till all of tho acotono had been
removed. About 250 o of wator was prosant nt the ond of this oper-
ation. The product was filtered fren tho cooled reaction mixture.
Ylold, 10,9 g.; acidity, 0.02%. The acetone in the distillate was
fractionated and reusod. As will be shown Inter, it is necessary to
renovo the acetone in a loisuroly fashion éabout three hours) with
vigorous stirring during this operation and during the cooling pro-

Purification by Means of Nitronsthano.- Ten grans of orudo
mntorTal was dissolved in 4C cc. of hot nitrenothano. It was hoatod
with 5 cc. of water or. the stoan bath for three hours. Twenty-five
cc, of warn watox’ was added and the nixturo distilled undor a slight
vacuun. Twenty-fivo co. more of water was added end after cooling
the mixture was filtered. Yield, almost quantltativb. Acidity,
0.02%, The nitromethane is separated from the water in the distillato
and roused.

An alternative method of purification is to suspond tho crudo
material in n Soxhlet thirible in a flask containing boiling aqueous
acetone. After extraction is conplote, the purified product is fil-
tered fron the acetone solution. This method is rapid and requires
only a small amount of acetone.

Purifier ticn by Acetone Extraction Using 20-50% Acetono;-
Twonty-five grams” of RDX (acidity, 0,12%) was placed in a Soxhlet
thinblo. This was suspended in a 1-1. rcund-bottonod flask
directly bolow tho lower ond of the condenser so thr.t it received the
condensod acetone returning fron the condenser whilo at tho sane tine

tixe nroduot was kept hot by the hot vapors of the acetone. An RDX-
saturated solution/of 100 cc. of acetone and 1CC cc. of water was
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placed in the flask and heated undor reflux XilNiheCtfthhm ’\Pth. The
extraction was complete_in a short tine. After refluxing for One
houi’, the niIxturo was filtered hot and washed with 50% r.cotono,
Yle? di 21 g.., acidity, 0.03#. The filtrate was used fcr another run,

Finer crystals wero produced when 20% acetone was usod. Even

with this lew concentration 25 g. of RDX WH3 dissolved In less than
one hour.

.In these experiments an odor of formaldfchydo was detected at the

:;OE) §f the condenser Propertlee of the Product
General properties

-ifeltinit points.- The RDX which was filtered from the reaction
mixture at 60° (first crop) usually nelted above 200°, corr., showing
scmo softoninG below the melting point. The second crop melted
lower (due to I&IX present) and softened nuch more before melting.
Total crop likewise showed a somewhat lower n. p.

The melting points were determined in an apparatus described by
Hcrshherg (Ind. Eng. Cheat.,, 8, 312 (1936)). We used dibutyl phthalate
as the bath liquid. An Anschdtz thornometer vzhich was recently cali-
brated against a U. S. Bureau of Standards thermometer was employed.
It was immersed in the bath to approximately the 195° mark. We have
designated that temperature at which the first droplet of liquid
con be seen as the beginning of the molting point. The final temper-
ature recorded in tho molting point signifies that the sample is
completely melted.

Acidity, VacUar Stability and Power.- As stated previously, the
acidity of the products was brought to about 0.02% by acotone treat-
ment (page 21). Prior to this treatment the acidity ranged from
0.1 to 0+3%.

7¢c have little information on the vacuum stability of tho pro-
duct at 150°, However, material prepared at TEC, aftor acetone
treatment, meets specifications in this respect.

Ballistic mortar tests carried out at Bruceton have shown that
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The products possessed the power of British standard RDX. Sone of
tho rosuite aro givon in the following tablo:
Table VII CONFIDENTIAL
Ballistic Power of RDX Samples (TNT = 100)

Matorinl Ballistic Powor
Standard RDX ) ) 150i0
H-| First crop (filtered from reaction at 60°) 148.2
D- n n n « n n n 149.5
H-2 Second crop (ba/ diluting filtrate from H-l to 149.5
] 308J acid and digosting for 3 hrs.)
H-3 Single crop (by 'gre:;'t_'clrgent of tho entire reaction 147.9
as in H-
H-4 First crop material (I—?-I) heated in nitro- 154.0

methane solution with water on a
steam bath for 3 hrs.;'then the
] nitromethane distilled. .
D-5 First crop (D—I?1 treated as in H-4 15519
) Noto.- Tho H series wero propared from heramino. The
D series were propared from. hexamine dinitrate.
Sensitivity of RDX-HHX
Tests at Bruceton shcv.nd that first crop HDX (obtained by filt-
ration of tho reaction mixture at 60°) possessed normal sensitivity
(i.o.» tho same sensitivity as British HDX prepared by direct nitrat-
ion of hexanine) but second crops and singLe crops (obtained by

drowning and slrmoring) prepared in the laboratory wore usually ab-

normally sensitive. Table VIII
SENSITIVITY OF RDX PRODUCTS
for 5 Kg. weight Tests by Bruceton
British standard RDX 40-48 cm.
Soo Table VII for description of samples
Fall in cm. _
Samplo As received -100 <j»200
H-l First crop 54 50
D-l First crop 63 53
H-2 Second crop 10 !
H-3 Single crop 10 10
D-4 Single crop 10 14
H-4 First crop (Nitronothnno- 68 43
wator)
D-5 First crop (Nitromothane- 80 56
Fi (D'Vélggger ith 32 31
- irst cro I Wi
D-3 P 55" nitric acid)
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At about the same tinted i1t was found at the Tennessee Eastman

Corporation that oertain sekisitive needles had gradually deposited
in drums of mother liquor, from pilot plant operations at the Wes-
tern Cartridge Companyt whicl had been diluted to 30% aeetic acid

and filtered. Similar sensitive needles had been isolated by TEC

(Tennessee Eastman Corporation) from hot water which had been used
to wash crude RDX product. We were requested to investigate this

material in order to determine the cause of the high sensitivity™

The nature of the noodles, and the means of removing the material

which caused the high sensitivity.

We had noticed previously that first crop RDX appeared as rhombas
(looking superficially like cubes) while needles were present in the
second crop to a considerable extont. It was found possible to con-
vert pure RDX rhombs to noodles by recrystallization from acetic acid
or 70% nitric acid. If the needles were digt ited with 5% nitric acid
(in a ratio of 1:5) on a steam bath for 12 hours, or wero simply
dissolved in nitromethane and the solvent removed by steam, the
material was converted, to rhombs. The puro RDX needles wore ho more
sensitive than the rhombs. This showed that high sensitivity was not
duo simply to tho fact that the material we in the form of needles.

Table IX
IND rhombs

50% Fire for 5-Kg.'wcighFT" ' -~ Tests by Erunjton
British Standard RDX 40-48 cm. h

Sample Treatment Fall in cm.
as oObtained -100+200
B-2 Noc-dleis obtained by recrystalliz- 45 42
ation of 1st cro% rhombs from AcOH
B—6 Rhombs ebtained by treatment of 1st 36 38
crop. -it? i itrometnano-irater
B-5 Eeeiles. B-6 recrystallized from AcOH 48 37

Examination showed Chat too sensitive products from the pilot

plants wore composed of RDX and IMK
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By recrystallization of 1.2 g. of the sensitive neegﬂes rom

acetone, a_ total of 0.93 g. of RDX (m.p. 200-202° corr.) was obtained.
From the filtrate, after removal of the RDX from 5 g. of the needles,
0.4 g. (8p) of practically pure HMX was isolated.

Since no impurity other than HMX was isolated from the sensitive
needles, i1t was decided to investigate the possibility that HMX itself
in combination with RDX was responsible for the abnormal sensitivity.
Experiment showod that such was the case, for a synthetic mixture of
RDX (British) and HMX, which crystallized as needles from 30% acetic
acid, proved to be abnormally sensitive (Just as sensitive as the
needles which had been 3&nt us).

] One g. of Woolwich process RDX and 0.1 g. of HMX wore dissolved
in glacial acetic acid and the hot solution was diluted with water to
givo a 30% acetic acid solution. The mixturo was allowed to oool
-gndisturbed. The product crystallized in Ion? noodles; m.p. 196-199°
with previous softoning. A determination of the sensitivity of this
product at Bruceton shewed that 50% of the samples fired with a 5 kg.
weight dropping from a height of 6 cm. (standard RDX, 45 cm.)

In further work it was found that RDX containing HMX was not
always sensitive. In the pilot plant at TEC the product (whiah con-
tains HMX) generally possessed normal sensitivity. Inasmuch as TEC
stirred their batches, vic investigated in the laboratory the effect of
stirring on the sensitivity of the product. A number of mixtures of
RDX and HMX wore crystallized from 30% acetic acid both with and with-
out stirring. The graph and accompanying table show tho variation in
tho sensitivity samples with the concentration of HMX in
stirred and unstirred mixtures.

Tabic X
Tll of the samples were made bY dissolving the solids
in het gLaoial coctic acid, diluting with twice tho
volume of boi.'ing water, and allowing to oool to room
temperature t/ith or without stirring. Tho stirred
products cc ' 1stod ojTstout crystals while tho un-
stirred &aa& rywere obtained as needles or thin plates.

m';00?].."icr. .rocose RDX and pure HMX were employed in
all of th.) samples.

CONFIDENTIAL
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$ RDX HMX AoOH . Yield _Sensitivity
HMX «e S» cc. 3ljlrrod Unstirred Stirred Unstirred
0 5 0 140 4.9 70 cm. 70 c¢m
1 10 0.1 260 9.7 9.6 70 20
5 4.75 0.25 140 4.8 4.2 55 6
10 9.0 1.0 280 9.5 9.5 60 §123 7
15 4.25 0.75 140 4.8 4.7 44 (18 3
50 0.5 0.5 70 1.0 0.95 11 6
90 0.1 0.9 140 0.9 0.95 9 9
100 0 0.5 70 0.47 0.47 10 13

Motes: At times some samples have shown_an anomalous change_in
Bonsitivity. Thoso values aro given in parcnthosos in
tho table.” Other portions of the same samples later
showod normal sensitivity, We orc investigating tho
cause of this phonomonon.

The sonsitivitios were dotorminod on one of .our own

imPact machines on which Woolwich process RDX gave a
value of 70 cm.

Examination of tho tablo and graph shows that insensitive mixtures

of RDX and HMX can bo obtained containing up to 10-15$% HMX when crys-
tallized from 30$ acetic aoid with stirring during the cooling process.
Ihis is considerably more than the $ HMX in tho product made in the
combination process. It i3 recommended that vigorous stirring bo
employed whenever RDX containing HMX is processed.

Sensitivity of Single Crop RDX (Contains HMX).- Tho application

of tho information gained from the experiments just described to actual
read'tl'c™ mixtures is shewn in the following experiments.
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Two normal runs were made (V-179 and V-180). Both of them were diluted
at 65° with hot water to 30% aoetlc aoid concentration and the mixture
heated at 90-95° for two hours, one with stirring and the other with

out stirring. The first one was allowed to oool to room temperature

. tilth stirring. the other without stirring.

z

Run Troatment 50% Fires
V-179 Single orop heated at 90-95° Above 55 cm.
in diluted mother liquor for
two hours with_stirring;
ooolud with stirring over a
five hour period
V-180 Singlo orop heated at 90-95° 21 cm.
in diluted mothor liquor for
two hours without stirring:
cooled without stirring over
a five hour period
This result shows that the mixture should be stirrod vigorously
during the simmering period and throughout the cooling &peration
Sensitivities of First Crop, Second Crop, and Single Crop Pro-
ducts After Various Treatments.- Digestion of first crop material
with hot (90-95°) 30% acetic acid did not incroaso its sensitivity.
Product of normal 3onsitivity was obtainod by cooling the reaction
mixture without dilution to 20° and filtering and also by diluting tho
reaction mixture with hot water and cooling. When the first of these
was digostod with hot water, i1t became sensitive. The data are givon

in Tablo XI.

Table XI Tests \_/y Bnuctton
Fall in cm.

Sample Trov bment As obtainod -100-200

C-l  First crop digested with hot 52 44
30% acetic aoid ]

C-2 Reaction mixture (V-129) rapld]ICy cooled 48 44
to 20° without dilution and filtered.

C-3  Sample of C-2 digested with hot water 15 19
(90-95°) for 24 hours. .

C-4  Reaction mixture (V-168) diluted with 47 45

hot water and coaled rapidly.
CONFIDENTIAL

In Table XIlI shown the sensitivity of second crop matorial
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which had received treatments of various kinds Most of tho treat-

ments failed to improvo the product. Solution in nitromethane follow-
od by steam distillation did improve the ¥Fensitivity It is of inter-
est that TEC have reported that analogous acetone purification (page 21)
Oonvortod abnormally sensitive material to normally sensitive mmaterial
Table XIll
SENSITIVITY OF SECOND CROPS(RDX-HMX) by b-nectfon

Treatment Fall in cm.

) ) i . As received Screened
Heated 90 minutes in acetic acid 12

From mothor liquor that had been

neutralized before diluting 5 .. 6
Digested with 55% nitric acid 26  (erratic)l4
Heated in diluted mother liquor 2< hrs. 6
Dissolved in nitromethano and stoorr. ”io Llled 3C 23
From uni'ilutod mother liquor 32 32

Sensitivity c.f HMX.- We prepared a batch of HMX from dinitrepenta
methylenetotraininc according tc Wright’s meth-" and recrystallized it
first frem acetone and then nitremuthane* Thin MIX (n.p. 280-281°C
ccrr.) shot at 53 cm. on April 1, and at 43 and 47 tm respectively on
April 8 and April 8 A nock after these results woro obtained it was
found that the HMX shot at 27 on. Wo arc at a less to account for this
change in sensitivity.

The following results v/ioro obtained when thiB same HMX was rcory-
stallized from 30% ucotic acid and acetone:

Sample Hoi~t of fall in cm. of 5-kg. wt.
for 50% fire.
HMX rocrystallized from 30% acetic aoid (small crystals) 27
ILZK recrystallized from 30% acetic acid (large crystals) 17
IHX rccrjstnllizud from acetone 25

A second batch of HMX was prepared an' purifiud in essentially the
same manner as the first batch and molted at 270-280°, corr. This HMX

(last crystallization from nitromethane) shot at 14 cm. When 1t was
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recrystallized from 70$ nitric acid, the noodles of HMX which were

obtained shot at 16 cm. When the noodles were allowed to stand in the
70$ nitric aoid solution at room temperature for 24 hours, they chang-
ngjot.O? ooarse granular (apparently bipyramidal) crystals which shot at

g I<5large crystals of this HMX prepared by slow cooling of a nitro-
=2
meth#tc solution Shot at 25 on.

L

g

Jg -ff|- COMPO iXTIOI OF THE PRODUCT

* the product which is filtered off from tho reaction mixture at 60°
is practically pure RDX and probably contains no more than traces of
HMX. Most of the HMX which is formed as a by-product remains in tho
filtrate, so that tho second crop may contain an appreciable amount of
this substance. In the single crop obtained by dilution of the entire
reaction mixture >ith water, tho amount of HMX amounts tc 1-8% depend-
ing upon the procedure employed. Preliminary results indicate that a
nigh yield product prepared in tho pilot plant at the Tonnessoo East-
man Corporation (m.p. 191-194°) probably contains 5-8% of HMX.

Isolation of HMX.- One nothod of isolating HMX from seoend crop
material consists in recrystallization fren acetone.

) Experimontal.- Five grams of second crop material « as dissolved
in the minimum amount of boiling acetone. As soon as tho solution had
cooled to room temperature, the RDX was filtered by suction. Weight,
254 g., m]E) 200-202°. Some solid had precipitated in tho filtrate
during the Tiltration. When the filtrate was heated on the steam bath
some %ranular material did not dissolve. This was HEX; 1t was filtered
from tho h?t solution; weight 0.2 g., m.p. cr..260°. An_additional 0.2
g. of HJX was obtained from tno acetone solution after it had steed
ovornight and was again warmed. Total yield, 0.4 g., §8$). Aft
recrystallization from 70$ nitric acid,” it molted at 280J, (air bath).
"Then "'mixed with authentic HMX, one simple molted at 285°, another at
273°.

Structure of HMX.- HMX has the sane empirical formula as RDX. A
.molecular weight determination gave a value of 301 with an average
deviation of 7. These facts together with its high melting point and
stability led us to suggest the following structure for HEX and a

possible mechanism of its formation:



CONNPFMT'M

This formula for HMX can ?.Iso bo written:

Wa
B

A molecular model of tho proposed formula shows that tho structure
is strainlcss

i 16.2; H, 2.73; N, 37.9
Anal.—coroe. _ B RE 0 s N3s2
o A sample of HMX supplied by Dr. G. F. Wright
(his_reference number 847 A), was usod. Tho method employed was the
boiling ﬁomt elevation method of Menzies. Acetone was used as a sol-
vent. The following values were obtained:
Mol. wt., 286, 312, 296, 301, 296, 302.

%\é%ﬁqgiego}m éx%ﬁé’éggog%i.cnba.? ' oBtained values in ¥ Action.

To check tho method we made seven determinations on RDX.
Average mol. wt., 223  Average deviation, 9
Calculated for C3H5N505: 222.

Crystallographic Constants for HMX.- Three crystalline forms of
HMX have boon observed In our Iaboratorg_. Thoy havo been nanod (by Dr.
J. R. Johnson) tho alpha (rods), beta (bipyramids) and gamma forms.

* The refractive indices are as follows:
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Refractive Indices CONI'IDt.N IAl
Form alpha beta gamma
Alpha H569- 1,569+ 1.750
Beta 1,591 1.592 1.778
Gamma 1.580 1.667

» Th= boto form appears to bo the stable modification at room temper
titure. '

—

Probable Absence of BSX

Inasmuch ns BSX can bo obtained from the some reagents used to
‘rp‘)ropare RDX by working at a lower temperaturei the possibility that
BSX might be present in the RT! was o; n-Jidored. A procedure was de-
veloped whereby it was pouHi‘'ats tc determine the presence of as little

, as 0.5% cf BSX  This procedure was auujossfully applied to unknowns
(symthetic mixtures containing RDX~H?X-B3X). When applied to two
products produood at TEC (one of tfa-sa was a high-yield produot: 2,8

» pc-unls of RDX fror.il pound of hextmino), no BSX was detected. There
iIs nothing Inconsistent with tho vinu that TEC produot consists of
only RDX and HMX.

~ Procedure for lIsolatt BSX from_a Mtrtu: e of RDX-HMI-BSX Con-

taining- 0,5 to ot 11 - Five grams’ of*“iEe- mixture is dissolved in
40 co. of acetone In aTdO-cc. wide-mouthed Erlenmeyer flask by heat-
Ing on a steam beth. Tj the clear, hot solution is added 25 oc, of
varm benzene and lhe mixture is hotved on the steam bath in order
to boil out tho afitone and much of +he benzene. When the precip-
itation of tho solid takes place it is necessary to keep swirling '
tho flask to prevent bumping. Whan the hot mixture is quite thickj
it is removed” from the bath and allowed to cool. The crystals are
filtered off (this crop usually weit>l)ea 4.6-4.7 g.) and washed with

» somo bonzeno. The filtratj and washings are now concentrated in a
50-cc. ide-mouthed Erlonmeyui flask on a steam bath a little beyond
tho point where crystallization sots in while hot. After cooling,
the second crop of crystals (weight C.25-0.30 g») was filtored and
washed with benzene. Concentration ol the filtrate to a small
volume (a few cc.} and cooling yielded the BSX (Note: Pure BSX
molts at about 154.

Result,
No. Mixt Crop and M. p.
0 IXHUre 1st and P M P 4
1. 4.5 g. RDX + 0.5 g, 4.02 g. 0.84 {j. 0.1..

g.
HMX + 0.10 g. BOX 202-204° lyb->2050 140-160°


fror.il

2. TEC
3. TEC
4. TEC
S5_ TEC

BSX
6, TEC

BSX

No\o: No. 4 and 5 wots given to tho investigator .
©n0 0 Tacm had been addod 0.100

1-15-G (5 g.)
1-42-G (5 g.)
1-42-G (5 g.)
1-42-G (5. g.) +

(0.100 g.)

(0628 $)9)*

4.21 g.
202-204°
4.7 ¢.

197-201°
4.63 3.
201-203°
461 q.
201-204°
472 8
198-202°

65
193->205°

0.25 g.
192->205°

0.25 g
190-197°

0.28 g.
190->205

0.23 g. -
193—>205°

g. of BSX, to the other none.

CONFIDENTIAL
0.017 g. trace
185-190° 194°

0.03 g.
192- 205°

0.03 g.
190-200°

0.100 qg.
145-155°

0.03 g.
142-150°

unknowns; to
Tho

[IJ_FE_oteduro then dotected the presence of tho BSX in tho one containing
[

Froffi the results it is apparent that as Little as 0.5% (no. 6)
r>£ <B3X can he> detocted.

Sps?»

Both TEC 1-15-G and TEC 1-42-G showed no

dot-.ctablc amounts of BSX; oven tho last crop meltsd at a high temper-

ature.

77c believe that even less lthan 0.5% cun be detected by this
procedure.

At the present time there is nothing to indicato that the
TEC pilot plant product is not simply RDX-IE4X.

Investigation of t>: Roberts ?“>thod for the Determination of BSXy
Inasmuch rs no BSX was found in TEC product (RDX-HMX) by the direct

isolation method,

it seamed of interest to examine the procedure of

2
Roberts nnd Tntkins which had boon used by them and recently by

Johnson for the estimation cf BSX.

digested with nitric acid in ordor to oltminata the BSX.

In this procedure a samplo is

From the

loss in weight a blank of 1$ had to ba subtracted which corresponded

to tho loss suffared whon RDX was carriod through the same proce ’is.

Apparently no blank had been determined for mixtures of RDX-HMX

which was the material actually under consideration.

Accordingly, wo

tested the procedure on tho four materials t6low in order to duturmino

if the presence of HMX nlterei the blank .

Our procedure was esson-
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tlolly the one used by Johnson (of. Cornell University Progress

Report, May 15-June 15, 1942) however we describe it here as we feel

that the apparatus used, the times required end the phenomena ob en id
aro worth recording.

Experimental.- A weighed sample (approximately 10 g.) was dis-
solved. In 70 co. of 9% nitric sold in a one-liter wide-mouthed
Erlenmeyer flask at roam temperature; solution was rapidly effected
and some brown fumes wore evolved although the solution did not be-
come hot. Forty-one cubic oentimeters of water was added over a 15
minute dperlo', with cooling in an ioo bath. Solid precipitated during
the addition of water. The mixture was heated for 15 minutes with
swirling in a water bath at 69-73° (many brown fumes were evolved;
not ell of the materid went into solution in the hot). The flask
was cooled under tho water tap and 800 oc. of cold water was added
dropwleo ever a 15 minute period while the llask was swirlod and
coolod in an ioo bath. Tho flask was allowed to stand at room
tompernturo for 20 hours and the solid was filtered off in a weighed
Jena crucible and washed with 200 co. of water. The material was
ovon-dried for 3b hours and weighed.

Sample Loss in Weight
Woolwich RDX 2.15%
2. TZoolwich RDX 2.24
3. Woolwich RDX . . . .95% 3.47
HICX 'm. p. 281°) . . 5
4. Woolwich RDX . . . .90 4.01

CHJI3 (m. p. 261°) . .10 _
] It is observed that our blank” on Woolwich RDX was 2.1-2.2%
instead of 1%) and that with 5-10% HMX present the “blank” was
.4-4.0f;, considerably higher than for RD?: alono. On the basis
cf _those four experiments, ono wouLd have corieludod that the RDX-
HLZ contained 1-2% of BSX in spito of the fact that no BSX was .
present. It is apparent that furthar work should be done before this
pi‘oeoduro can be appLiod to the entimntion of BSX.
RECOVERY OF REAGENTS
Recovery cf Acotic Acid.- It is possible to recover nearly all

of the acotic acid which is present in tho reaction mixture. If the
RDX ta Loen filtered eff at 60°, the filtrate is dilutod to approx-
imately 30% acotic acid with water and tho mixture is heatod on a
stem bath under a reflux condenser (9C-95c) for one to throe hours.
This digest3on yields a Latter second crop and destroys a certain
rotor insoluble oil which makes its appearance at tho end cf tho

vacuum distill'tion if this digestion is not employed. After the
mixture has cooled to room temperature with efficient stirring the
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second crop (nicely granular) is filtered from the mixture. A similar
digestion at 90-95° is carried out if a single crop is isolated by dil-
. uting the entire reaction mixtures with water to 30-50% aootio acid con-
centration; slow cooling with vigorous agitation is employod in order
to avoid the formation of abnormally sensitive product.

The nitric acid in tho filtrate is neutralised by moans of ammon-
ium hydroxide (thymolsulfonephthalein usod as indicator) and the dilute
acetic acid is distilled from the mixture under reduced pressure (15
mm.) at 45-60° (flask in a water bath). About 88-93% of the total
ace'Git acid is present in the distillate, which is suitable for concen-
tration to glacial acetic acid. It is not certain whether complete
evaporation of the dilute acetic acid is a safo operation on a largo
scale, and In practice up to now some acetic acid is allowed to remain
in tho sludge.

Recovery of Ammonium Nitrate.- Tho residuo, which remains after
the removal cf the dilute acotic acid, was dissolvod in a small amount
of wator and the solution filtered from a small amount (about 0.2 g.)
of insolublj solid. Tho solution was evaporated to dryness (treatment
r'ith Norit is beneficial in removing color), the residue is moistonod
with glacial acetic acid and tho solid ammonium nitrate is filtered,
washed with a little noetic acid and dried. Tho ammonium nitrate is
puro whito, melts at 164-166° and was found to be satisfactory for
.preparing RDX. 1t3 weight corresponds to about 30-50% of the amount
originally used in tho preparation of the RDX
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FLOW SHEET FOR THE RECOVERY OF ACETIC ACID AND AMMONIUM NITRATE

Reaction mixture-

Filter off 75-80 g. RDX at 60° Diluto entire reaction mixture
(m.p. 200-203”7) to 30$ acotic acid and digost
) ) ) at 90-95° for at least one hour.
Diluto filtrate to 30$ acetic Lot cool with vigorous stirring.
acid and digest at 90-95° for Filter.

at least one hour? Let cool
with vigorous stirring. Filter

b1 \]

x> £ *
Second crep Nitric acid, in filtrate neutral- Slngle crop
% ized with ammonium hydroxide. 85-90 .
Mp 19 3° Acetic acid distilled at 45-60° M.p. 195-200
at 15 mm.
}
Dilute c.cotic acid Residue. Addition of 20 cc.
88-93% of tho total of water givos a clear aqueous
acetic acid. solutlon %o 0|I and about

. of RDX mp. ca. 190°).
Fllter and evaporate to dryness

Yellow residue (26-27 g.)

Break up lumps, digest with 13
co. of cold glacial acetic acid,
filter, wash Wlth acetic acid.

Perfectly colorless ammonium
nitrate.” Yield, 19.5 g. (m.p.
164-166°)

* Longer heating (4-6 hours) gives somewhat better crystals.

Preparation of BSX.- In the previous report the preparation of
BSX wn3 described. It was obtained by allowing acetic anhydride, 98%
nitric acid, ammonium nitrate and hexamino dinitrate to react in the
cold (rather than at 75° when RDX is ferried). BSX can be prepared
*under tho same conditions without the uso of ammonium nitrato.

Experimental.- To an icc-ccld mixture cf 60 cc. of acvtic anhyd-
" ride and 13.P c'c. of 98% nitric acid there wa3 added v;ith 3tirring
20.8 g. of hexanine dinitratc. Not much heat was evolved and the
solid could bo added in less than five minutes. The mixture was warm-
ed slowly in the course of one-half hour to 75° with 3tirring and held
there for five- minutes (a few brown fumes). The slow addition of 160
cc. of water precipitated 23.3 g. of product.
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A 15 g, portion of tho orude product woe dissolved in 100 co. of
acetone, the solution was treated with Norit and Filter-Col and the
acetone was removed partially by distillation. When the volume had
reached about 2.5co., an oqg.tal velumo of ethyl aoutato was added and
th) mixturo evaporated to mc(l]Plent crystallization, suedod with BSX
and allowed to cool. Tho product was filtered and washed with othyl

« acotato; weight, 7.6 g.; m.p. 153-154°.

A portion (5 g.) of the orude product was heatod for 24 hours on
a steam bath in 40 co. of 70% acotio acid. Thi3 treatment destroyed
the 3'X and other low-melting compounds. Upon evaporation of tho )
aqueous acetic acid solution, 0.35 g. of RDX (m.p. 201-204°) was obtain-
ed. This indicates that tho crude preduot contains about 7$ of RDX.

_Molecular Weight of BSX.- Bachmann and Shochan (August 1941) in
reliminary "'wert "ou the molecular weight of BSX using tho apparatus of
enzies with acetone as tho advent obtained a value of about 350.

This meant that the structure, diacetylnothylenodinitrauinc, which had
boen tentatively Fuggooted on tho basis cf analytical values alone,
had tc be .abandonee. British workers have reported tho values: 416
boiling point pcthol in aootone): 346 (froezing point depression in
1TT); 516 (Fast method); 353 4 2 (X-ray method). He have new repeatod
our “original work and bavo obtained the followmg two sets cf values:
*323,320,328,344,350 (averago, 332) and 335,350,342,341 (avorago 342).

t Degradation Experiments.- Roberts and Watkins hydrolyzed many
samples of BSX and titrated the aoid formed. They calculatod the

.

analysis as acetic acid but reported only two tests which identified
tho titrated acidity as acotic aoid (tho calcium acetate-indigo color
test and the formation of ethyl aootato whioh was detoctcd by it3 odor).
<k have identified tho aoid liberated on hydrolysis in various ways in
order to eliminate tho possibility that tho acotio acid was presont
only as a contaminant. A sample of BSX was hydrolyzed with hot syrupy
phosphoric ucic , the volatile acid was distillod, the distillate was
r.«utrnlited and evaporated in order to remove formaldehyde. Oxidizablo
acid (formic acid) was destroyed by potassium perranganatc and the
purified acid was converted, to its sodium, salt (sodium acetate). The

+ following methods of identification were employe

¢ Jl&inntian of the Duclaux numbers
2 Cacodyl test with arsenious acid.

Formation cf ethyl acetate.

Test with Lanthanum nitrate, ivdinv an arm.niwn )

Ccnvux'Sion to anhydrous acid by distillation of a_mixture uf

the sodium salt and concentrated sulfuric acid, Thu liquid
acid had a h.p. of about 110° and m.p. 10°.

oW
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6) Conversion tc the silver salt. A 0.2117 g. sample yicldod

| -~ sal ) -
8'41_%%%_9-Fgﬂjna!lV%rAhg%!gnltlon. Calcd. for Ag 4H(j‘09' Ag,
7) Proparaticn of tho solid p-bromphcnacyl derivative. ldenti-

fied ns p-bromphcnacyl acetate by melting point and mixed
nclting point.

Hydrolysis:- Ten grams (0.28 moles) of pure BSX (m.p. 154.5-
155.5", corr.) was warmed on a steam bath under reflux condenser with
100 cc. of syrupg orthophosphoric acid (85%$). A clear solution was
obtained after 30 minutes. At the end of 24 hours paraformaldehyde
had condensed in the condenser. One hundred cubic centimeters of watef
was added and the solution was distilled slowly using a Kjeldahl bulb
to trap spray. Two separate portions of water wero added "and the dis-
tillation was repeated twice. Volatile acid, formaldohyde and water
comprised the distillate. Titration of the three fractions obtained
showod a total of 0.060 moles of acid. A portion of the distillate was
mado alkalino rdth sodium carbonato and txtrated with pormanganato.

The reducing substance, caldUfated as formaldehyde, corresponded to a
‘total of 0.099 molos (calcd. for four methylene groups: 0.112 moles).
After f||ter|n% the manganese dioxide, tho aliquot was returned to the
main body of the samplo end the whole evaporated to drynoss. The
residue was dissolvod in water and all oxidizablo substances destroyed
by permanganate. The mangantse dioxide was filtered off and tho fil-
trate evaporated to dryness. Thu residue was dissolved in about 100
cc. of water and treated with an excess of syrupy phosphoric acid. The
solution was distilled, and when the distillation had ceased, 50 cc. of
water was added and the distillation repeated. The total distillate
had a volume of about 150 cc. and contained 0.055 moles of acid (calcd.
for Wo _acetYI groups: 0.056 moles?. o ]

This solution was used fcr determining iho Duclaux numbers and
then all of the solution was neutralized and evaporated to dryness.
Tho sodium ac tatc thu3 obtained was used for tic several tests mention-
ed Iin the discussion. In addition a search was conducted for other
acids. Phosphate, nitrate, and halide wero found to be absent.

Structuru of BSX.- Considerable work has boon done by the British
*on the structure of BSX. They have concluded: (I) its molecular
formula is 081°141'6010; (2) that all of its nitrogen is in nltramino
groups; nr.l that (3) upon hydrolysis it yields four moles of formaldo-
hyde and two moles of acetic acid. They also proposed a structural
formula and a possible nt chanisn for its formation.
Our molecular weight values are in accord with the molecular

weight required for their proposed fc rmula. 'Jo have proved conclu-
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slvely that the volatile acid formed on the hydrolysis of BSX is
acetic acid; and that two moles come from one mole of BSX. The
iformaldehyde evolved corresponds approximately to the presence of
four nothylene groups in BSX.

The formation of a likely compound possessing the requisite
molecular formula and properties is shorn in the following scheme
This involves meroly the scission of four bonds of the hexamine
molecule and does not necessitate tho recombination of fragments
The structure of tho rosulting compound is one of the two that Dr.

J. R« Johnson proforroC to the structure proposed by Roberts

CH®
OgN-N ~N-NO
hno3
OAC
AC2° 1
IHg
>AC
no?2

Thio formula nay also be written:

A0O-CHg-N-J*-N-CHg-N-Chg-OAc
A02  Ao2 Ao2
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