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8 oF : B33}kl plastic-bonded explosives(PBX’s) o 2-g38 oA & HE2 M poly(glycidyl
nitrate) (PGN) & 34 &ta, 49838 W2 2339t Epichlorohydrin(EP) & W& 3 2 glyci-
dyl nitrate(GN) & 48t 3, ol & Yol& MEF st PGNE #Astdh. GCE ol &3to F
FrFE ukedtA) o gFA Y FEE Aoy, o|2HEH wEEE, 7 WG moAM 78
AR L= (THRRE d93t8 H-E Aassich. GNo FYHE&% AMAA 2 Fojo] F& 24
3led PGNS =33l o, PGNe £#H7 %48 (M,)-& 14000] 1 polydispersity= 1.31°]%1t},

OH e 0.8eq/kgol™, Tob —31.9¢C,

A w7} 300 poise?) &A1& JeRfACT,

Abstract : We synthesized energetic poly(glycidyl nitrate) (PGN) for plastic-bonded explosive and
measured its thermodynamic parameters. Glycidyl nitrate(GN) as a monomer was synthesized from
nitration of epichlorohydrin(EP), and then polymerized by cationic ring opening polymerization. The
unreacted monomer concentration was measured by GC. Thermodynamic parameters were obtained
from the ceiling temperature(T.) values of 1 mole monomer at each reaction temperature. We varied
feed rate of monomer, concentration of initiator and monomer to control molecular weight and polydi-
spersity of PGN. Number average molecular weight(M,), polydispersity, hydroxyl number and glass
transition temperature, viscosity of PGN were 1400, 1.31, 0.8 eq/kg, —31.9C, and 300 poise respecti-
vely.
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Table 1. Typical Data of GN Polymerization(Reaction Temperature : 0C, [M],=3.63 mol, [cat],=11.6 mmol)

Reaction Sample Tetraline Area % GN content in [GN] Conversion
Time(hrs) Wt.(g) Wt.(g) (GN)/(GN+Tet.) sample(mol) mol %
0 0.85 0.208 18.78 0.0029 3.625 0.00
0.25 043 0.105 19.42 0.0015 3.608 047
0.50 0.45 0.106 19.66 0.0015 3.574 140
0.93 0.31 0.107 14.18 0.0010 3.496 3.55
2.50 043 0.104 16.15 0.0013 3.083 14.96
3.50 039 0.102 13.61 0.0010 2,534 30.10
4.50 0.24 0.100 8.42 0.0005 2.308 36.34
6.83 0.56 0.102 15.66 0.0011 2.085 41.49
10.00 0.60 0.105 1549 0.0011 1.965 45.81
23.00 0.48 0.110 12.29 0.0009 2.000 44.82
26.00 0.49 0.103 1343 0.0010 2018 44.35
2 40.00
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Fig. 1. Gas chromatogram of glycidyl nitrate and tet-
raline.
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Fig. 2. Calibration curve of glycidyl nitrate from the
mixture of glycidyl nitrate and tetraline.
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Fig. 3. Time-conversion curves for polymerization of
glycidyl  nitrate : [M],=3.5M, [BF;-OEt,]=11.6
mM : solvent is dichloroethane.
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Fig. 4. First-order kinetic plots for glycidyl nitrate po-
lymerization.
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Table 2. Equilibrium Polymerization of PGN

Temperature Conversion [M]., K., AGy’ k, X 10° E.
(c) % mol M! kcal/mol (Msec)™! (Kcal/mole)
20 345 2.37 0.42 0.381 56.98
10 38.2 222 045 0411 26.38 21.01
0 45.1 2.00 0.50 0.473 7.93
-10 49.7 1.90 0.53 0.511 1.55
—6 7 ! ! Table 3. Thermodynamic Parameters of Polymeriza-
tion
- AHssU - Asss“ Tcl. 1mol TCZ. initial
Monomer
_g L | cal/mole eu °K °’K
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Fig. 6. Variation of AG/RT vs T"! for polymerization
of glycidyl nitrate.
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Table 4. Reaction Conditions of Polymerization for Glycidyl Nitrate
Sample No Composition Addition GﬁPC Poly- Conversion
P " GN/BD/BF;:O(C;Hs),  Time(hrs) M, dispersity %

PGNB-1 25/1/0.1 3.0 hrs 1460 1.36 >98%
PGNB-2 25/1/1 3.0 hrs 1823 1.31 >98%
PGNB-3 25/1/2 3.0 hrs 1670 1.38 >98%
PGNB-4 25/1/4 3.0 hrs 1090 1.31 >98%
PGNB-5 10/1/2 1.3 hrs 940 1.46 >98%
PGNE-6 15/1/2 1.8 hrs 1120 143 >98%
PGNB-7 40/1/2 4.8 hrs 1690 145 >98%
PGNB-8 50/1/2 6.0 hrs 1800 1.68 >98%

s 30% solution polymerization at 20T
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Table 5. Properties of PGN-2

Molecular Weight(M,,)

Polydispersity
Density

Heat of Combustion
Heat of formation
Heat of explosion
OH index
Decomposition onset
T,

E.. decompesition

Viscosity

= 1800
131
1.43 g/cc
3446 cal/g
—68 Kcal/mole
423 cal/g
0.80 eq/kg
187.8C
—31.9¢C
104.5 Kcal/g
300 ps

oFo &
. 3L - =

2

Epichlorohydrin&

S

=4

L

scale-up Aol #-33

rhu

w2 A2 glycidyl nitrateE

g A atelal, o] & ool BT Ested A poly(gly-
cidyl nitrate) (PGN) & gHdstei o, PGN sHA] vt

[e} (o]
SERUe 4

etk

PGNe| 24 % FaHA

e, ol2RE RARRESL AR

Polymer (Korea) Vol. 17, No. 3, May 1993



o213t 234 Poly(glycidyl nitrate) 2] Z=3o] 3 A

2. GN¢ ooko]_Q_ 7H:§J—z€ﬂ'o}]}v] ;3249_5.‘: g}
—-76C9g o0, —AH = 1021.3 cal/mol, —AS =
5.2eugt}.

3. PGN¢] 48 GNo| &%, 7AA, o)
o] oFS zA W FAE wi-n] 23 wphow B
2 Alste] PGNY 243 $AFLEE £
dtgom, A YT PGNL Hxjgko]
1800, polydispersity7} 1.31, T &= —31.9Co]aL 33
"=7} 300 ps, B2 0.8eq/kgol T

o

|

L

I -

M

1. G. E. Manser, U. S. Patent, 4,483,978 (1984).

£2|0{ #1748 A3% 1993 59

2. G. E. Manser, U. S. Patent, 4,393,199 (1983).

3. R. L. Willer, R. S. Day, American Defense Prepa-
redness Association, International Symposium,
Session 3B, 257 (1989).

4. C. Eamon, G. Peter, M. Ross, P. Norman, and S.
Malcom, American Defense Preparedness Asso-
ciation, International Symposium, Session 3B, 234
(1989).

5. J. C. Chien, Y. G. Cheun, and C. P. Lillya, Macro-
molecules, 21, 870 (1988).

6. Y. Okamoto, ACS Symposium, Series 286, 361

(1985).

7. S. Abe, M. Ito, and K. Namba, Die Makromoleku-

lare Chemie, 134, 121 (1970).

241



