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L % YA YEFo|EdAHE 7tAAE AFS 3= PEG/RDX 244 F&8 fzs 5
D82y AFA(NPBA)YE ME3h7193te Aeizka] &= Az, Ht BAF D 47 AFE
A= olad 2 YU EY(AN)-v "ol gl o) E(MA)-2-3| =& Aol adglo] E(HEA) 9 34 &5
A9} AN-HEAS] ZZZAE oy EoA AIBNS T /MAAZ ARl 60CoA stz 3
o2 #4349tk A T AN: MA: HEA9 =AulE 64:27 :9mol% s}t 67:20: 13
mol% o] o.m, AN-HEA ZZ 3419 2A4ul:= 83 17mol% 220 th. ©]% NPBAS e =A%
F37 e 94 EA7 'H-NMRE o]&3tq ZAAsIgon, d#F4 ¥4y n(AN)F
(HEA):= Kelen-Tiidos Wi o2 ARt n=1.13, ,=0.65. ol5 £ MMt A4 ol%
Ao =8 AN A Hd ExAFE 20,000~60,000 g/mol P2 Z2HE £ AUt

Abstract : Neutral polymeric bonding agent(NPBA)s have been developed as a new kind of bonding
agent for the propellants in which RDX particles are dispersed in a PEG binder matrix containing
highly energetic nitratoester plasticizers. Terpolymers with 64 : 27 : 9mol% and 67 : 20 : 13 mol% co-
mposition of acrylonitrile(AN), methylacrylate(MA), and 2-hydroxyethylacrylate(HEA), and copoly-
mer with 83 ; 17 mol% composition of AN and HEA were synthesized with AIBN as initiator by radi-
cal polymerization in acetone at 60C as NPBA. Compositions and OH indices of the NPBA were dete-
rmined by elemental analysis and 'H-NMR. The monomer reactivity ratios, ri(AN) and r,(HEA)
were determined by the Kelen-Tudos method : r;=1.13, r,=0.65. The average molecular weights of
NPBAs were controlled in the range of 20,000--60,000 g/mol by the concentration of initiator and/or
chain transfer agent.
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Table 1. Polymerization Conditions and Molecular Weights of NPBA

Reaction Materials

le]jA AN MA HEA AIBN n-BuSH M, M./M,?
(mol) (mol) (mol) {mmol) {(mmol)
1 0.18 0.08 0.025 440 6.25 36,000 1.52
2 0.18 0.08 0.025 3.75 6.25 49,000 1.54
3 0.18 0.08 0.025 3.75 3.13 58,000 1.60
4 0.25 0.075 0.05 4.60 12.50 34,000 151
5 0.25 0.075 0.05 3.22 8.75 45,000 1.57
6 0.25 0.075 0.05 2.76 6.25 56,000 1.60
7 0.25 — 0.05 4.60 12.50 28,000 1.46
8 0.25 - 0.05 3.68 10.00 36,000 1.60
9 0.25 - 0.05 2.76 7.70 50,000 1.65

2 Number average molecular weight determined by GPC calibrated using polystylene standard.
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Fig. 1. IR Spectra of (a) terpolymer NPBA-1 and (b)
copolymer NPBA-7.
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Fig. 2. '"H-NMR Spectra of (a) terpolymer NPBA-1
and (b) copolymer NPBA-7.
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Fig. 3. DSC Thermograms of (a) terpolymer NPBA-1
and (b) copolymer NPBA-7.
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Table 2. Composition and OH Index of NPBA
Monomer Feed NPBA Composition®
NIE?'A AN MA HEA AN MA HEA (2}:1122/6:;
(mol %) (mol %) (mol %) (mol %) (mol %) (mol %)
1 63 28 9 60 30 10 1.43
2 63 28 9 60 30 10 140
3 63 28 9 59 30 11 151
4 67 20 13 65 20 15 2.09
5 - 67 20 13 65 22 13 1.92
6 67 20 13 65 21 14 2.07
7 83 - 17 81 - 19 2.89
8 83 - 17 80 - 20 299
9 83 17 82 — 18 2.84

a Terpolymer composition determined by EA and 'H- NMR and Copolymer composition determined by EA.

b OH index determined by EA and 'H-NMR.
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AN/HEA 3Z3 49} AN/MA/HEA A9 32349 §4 2 34970

Table 3. Kelen-Tudos Parameters for Determination of Monomer Reactivity Ratios for the Copolymerization of
AN(M,) and HEA(M,) in Acetone at 60T, a=1.384

2 -
E;Op X=qp Y= x v-1 =3 =XEP gip g=C = F
1 0.113 0.085 0.013 —-0.915 0.153 —1.216 1.537 —0.791 0.100
2 0442 0370 0195 —0630 0527 —0753 1911 —0394 0276
3 1.026 0.773 1.053 —0.227 1.362 —0.301 2.746 —0.110 0.496
4 2319 1671 5.378 0671 3218 0931 4602 0202 0699
5 8.816 6.212 77.722 5212 12512 7.397 13.896 0.532 0.900
a= (Froin X Frnay) 172
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BTTN
DEGDN
TEGDN
TMETN
RDX
HMX
NC
CAB
CAP
PEG

HTPB

4o A

50/50 mixture of bis(dinitropropyl) formal
and acetal

. Butanetriol trinitrate

: Diethyleneglycol dinitrate

: Triethyleneglycol dinitrate

: Trimethylolethane trinitrate

: Cyclotrimethylene trinitramine

. Cyclotetramethylene tetranitramine
. Nitrocelluse

: Cellulose acetate butyrate

. Cellulose acetate propionate

. Polyethylene glycol

: Ammonium perchlolate

. Hydroxyterminated polybutadiene
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