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Table 1 Results of synthesis of HMX

Catalyser Boron trifluoride-acetic acid complex : 1.0g
and None +

Stabilizer Paraformaldehyde : 1.7g
Hexamine (g) 17.0 1(%1(;
Ammoniuzn) 48.0 23.0 E/j 31) 2?? lz.) 22, 28.5) 2. 285’5 45.70

nitrate (g 3 (4 5 3 4 .

Acetic 127.0 — 8.0 [80.0 80 ?EO&&?&%%@%E%&%T&%
anhydride (ml) (11) (11) (1) (1) (1)) (1) QAD (1D (1)
Acetic acid (ml) 153.0 95.0 95.0/ 95.0] 95.0, 95.q 95.0 95.01 95.0; 95.0f 95.0
Reaction
temperature (°C) 25 [35 |45 |55 |35 |45 |45 |45 |45 |45 |45 |45 |45 {45 |45
Yield (g) 8.0 16,0 22.q 23.5! 16.0 18.q 19.5 18.2 20.0{ 16.4| 17.2 17.21 16.6] 17.0] 18.1
HMX contnet (%) 78 183 |83 |72 |83 |76 |72 |76 |63 |82 |8 |77 |82 |86 |80
RDX content (%) 21 |16 |13 |18 |15 (14 |19 |14 {30 J10 |13 |10 9 8 |12
Yield of HMX (2%) | 17.5] 37.5! 51.7] 48.0 62.2] 64.5] 65. 8 59.01 63.0, 69.3 62.0] 63.8! 68.5 67.8

Note : Figures in parentheses are the mol ratios of each material to hexamine

2-2 HMX & RDX o4kt

HMX #8153 L RERYE LT RDX 2z 2 A
FigeEns, L, HMX & RDX iitssne
I PRy -oTV-30CEEOAENERTY
5, RDX %L N T7 ¢} vt LT
Bvtd, E0 10g izl 20°C © 0.58 L@
¥, l&ﬁﬂﬁ%ﬁﬁtuRDXo$ﬁ$u¥mL
T EhEV D REHEIE,

Vo), 35, No, 2, 1975

2o eABREEV-Tiz HMX & RDX o4
FEtviE, Tev—vdFrRREB LU

SRR I,
2-2-1 FMIck3 HMX & RDX o

8% 7 tv ml 2 1.3-v2AFVRERYELTY

hlg, 2g, 3g, BIV 4g mixi-#go HMX
RDX oMY@ Nzt =5 Fig. 1 LRTr5%
HEABLNI, H»S 10ml 07 &} vic 1,3-0
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solvent :

o-—-gacetone(10ml)

(g)m
(=]

Weight of HMX or RDX
dissdved in solvent
o

HMX _[x--—x 13-dimethyt urea(3g) / acetone(10m!)

0—--0 L3-dimethyl urea(lg) / acetone(10mi)

Fig. 1 Solubility curves of HMX and RDX
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4R L, RDX ##§ff+5, DMF 12 20C i\ C
10ml ¢ RDX % 3.0z, DMA i3 4.5g @& %.
Li=ioTC HMX : RDX oR&Ync DMF i3
DMA ¥z ThMEBL, BHT3 L HMX off
hGoRRN LT3, ch¥iFfd+sL RDX
RFgE LTHEnS, HMX ¢ DMF b 500z
DMA rofiméossficki mx&#+5 & DMF

% DMA pashzociifro HMX a#ish
Bo

2-2-3 MR

BlERREZEY, P vE L3-VAFVR
%, DMF 3310 DMA oZKik 20ml J-o% fiv
T HMX & RDX o4 9% Tlieot. Pt ¥
BIXUO7wtve L,3-v250 RBIZE D FEHLE
A 40°C itphLCir e v, DMF R X1¥ DMA
12X 5 2R, Rl aiBsRlizfoh
HAL oS e il &2, PRtz i
Lot BRITAVS B 10g H¥ 2L L, TO&
STl -HERB oY Table 2 12RT,
T4 b v OREHCTHETS & RDX 0% iy

Table 2 Separation of HMX and RDX by solvents

Amount Amount [HMX content HMXcontent Loss
Solvent of of of Yield after of
solvent sample sample (8) separation HMX
(8) (%) (%) (g)
50 6.6 75 0.1
Acetone 20 10 70 7.1 87 0.3
90 9.0 99 0.1
Acetone 50 5.0 85 0.7
1, 3-Dhmethy! 20 10 70 5.8 99 1.3
urea 90 8.7 100 0.3
50 5.1 98 0.0
DMF 20 10 70 7.0 98 0.1
90 8.9 100 0.1
50 3.8 94 1.4
DMA 20 10 70 6.0 95 1.4
) 7.6 98 1.6
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Fig. 2 DSC curves of HMX, RDX and
their mixture
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Fig. 3 Effect of RDX content in HMX-RDX
mixture (HMX content : 0.8mg) on
the peak area of HMX in DSC curve
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: HMX in HMX-RDX mixure

ROX

50 o iMxlpwe)

4.0, d
£ o/
£ 30|
5
3 20 0

10 \.
% 02 % 06 a5 0
10 08 a6 04 02 o
- ROX(mg) HMX(rng)

Fig. 4 Relation between composition of
HMX-RDX mixture and decom-
position peak area in DSC curve

Table 3 Quantitative analysis of HMX and

RDX by DSC
HMX content Experimental values
mix edmsampl e Average*(%) Error(%)
(%) |"amx | RDX | HMX | RDX
0.0 0.0 |100.5 0.0 | +0.5
10.0 11.7 8.6 | +1.7 | —-0.4
20.0 18.7 79.8 | -1.3 | —0.2
30.0 31.0 69.0 | +1.0 | -1.0
40.0 39.3 61.0 1 —-0.7 | +1.0
50.0 51.0 51.0 | +1.0 | +1.0
60.0 | 62.0 | 40.0 | +2.0 0.0
70.0 70.3 Jo.2 | +0.3 | +0.2
80.0 80.0 20.3 0.0 | +0.3
90.0 90.0 19.7 0.0 | -0.3
100.0 100.3 0.0 | +0.3 0.0

* Number of tests: 3
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Studies on HMX

by K. Takaira and K. Okazaki

This paper presents the results of investigatian on the synthesis, purification,

quantitative analysis and thermal decomposition of HMX.
It has been found that the yield of HMX can be raised to abaut 709 when the

conditions of synthesis are very suitable.

The application of DSC (differential scanning calorimeter) to quantitative analysis
of HMX by measuring the peak area of DSC curve seams to provide a quick and
convenient method, and the analysis of RDX can be made simultaneously by this
method. The experimental error, however, may be increased due to the peak distor-
tion of DSC curve when the range set of DSC and the packing method of sample

were changed.

As for the thermal decomposition, it was proved that the rate of decomposition
of HMX increases rapidly at about 250°C which is 30 degrees lower than the melting
point of HMX, while RDX does not decompose appreciably up to about 190°C which
is only 10 degrees lower than its melting point.

(National Defense Academy, Yokosuka)
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