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A Study on the Polymerization of Energetic Poly(NEO)
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ABSTRACT

We synthesized energetic prepolymer{2-nitrato ethyl oxirane, NEO) for plastic-bonded explosive and
measured its thermodynamic parameters.

2-Nitrato ethyl oxirane(NEO) as a monomer was synthesized from 4-butene-ol, the first-step was
preparation of l-nitrato-3-butene and second-step was synthesized 2-nitrato-ethyl oxirane from 1-
nitrato-3-butene and then polymerized by cationic ring opening polymerization. The unreacted monomer
concentration was measured by GC. The thermodynamic parameters were obtained from the ceiling
temperature(Tc) 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 polydispersity of
perpolymer(NEQ). Number average molecular weight(Mn), polydispersity(PD), and glass transition
temperature(Tg), viscosity of prepolymer(NEO) were 2000, 1.07, -55C and 300 poise respectively.
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[Scheme 1] 2-nitrato—ethyl-oxirane(NEQ)
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[Scheme 2] Synthesis of 2-nitrato-ethyl-oxirane
(NEO)
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[228! 2] Process of polymerization of 2-nitrato-ethyl
~oxirane(NEQ)

[£ 1] Typical Data of NEO monomer Polymerization
Temperature : -10C
{Mo]=4.8mole [Cat]=2.5mmole

Reaction NEO | Tetralin | NEO GC area| conver

Time (NEO) sion
(hrs) Wilg) | Wtlg) | mol % %

0 0322 | 0078 | 480 | 600 0.0

0324 | 0079 | 240 | 214 50

0321 | 0076 | 202 | 200 58

0325 | 0077 | 196 173 59

=~ || =

0325 | 0081 | 193 | 146 60
11 0328 | 0076 | 1.70 | 134 65

25 0324 | 0077 | 169 124 66
28 0328 | 0078 | 1.68 124 67
31 0319 | 0084 | 1.67 111 66
55 0.324 | 0076 | 159 114 69
76 0322 | 0074 | 1.39 10.7 71
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[228 3] GC analysis of NEQ/Tetraline standard
curve
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[28 4] Time-conversion curves for polymerization
of 2-nitrato-ethyl-oxirane (NEQ); [Mo] =
48mole [Cat] = 4.8mmole : solvent is
dichloroethane
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[38 5] First-order kinetic plots for polymerization

of 2-nitrato—ethyl-oxirane
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[22! 6] Arrhenius plots of LnKe VS T for

polymerization of 2-nitrato—-ethyl-oxirane
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[# 2] Equibrium Polymerization of 2-nitrato ethy!
oxirane(NEO)
i A
Reaction Co‘nver Me | Ke Gss Ky 10° Ea
Temp. | sion o | Kealf 4| Keal/
o mole | M Msec
C % mol mol
20T 441 1268310373 | 240 | 11.96
10T 50.2 2390|0418 | 2.05 | 9.40
26.03
0C 639 |1.73110577| 1.25 | 555
-10C | 708 (14020713 074 | 2.78
1 P
— -1
Ke = " 3)
Me Py

FUEI 2 A9 P Pyl AY #AHE golm
2 Kb 9ea 2 v BINE FE

1/(M)eSt 2o %"35}75} HEEL olet Zo]
Eld &4 Qi
AG = -RTInKe = RTIn(M). (4)

I}

AH - TAS = 0 (at ceiling temperature)
A (HRRE AGZ 0 4 o SN s
$& Hygdoln, o HE HA %E(ceiling
temperature, Tc)& Tcgta atw, w] ¥h3 ©&FA| 9
&7 Imold W& Jehdth & 2014 AGsse &
o A4F &% TFIHIA ¥ e JEiien, B
A9 monomer ¥%7F lmolRtk ItE A
W2 rE TeHT ¥2 25498 ¢ F Utk
B 29 A sid PP A 1] ¥ GF
Ao T=e ¥ 2= F7F oA lmolelt &
& 4 k. NEO monomerol Wigt 748 F3 uks-
o] 498y W4 E AGYRT & T8 EASY 2
9 73 2om, A7 T -AHY -ASsE & 3
o] 893ttt & 304 NEO ®| ¥-8- 1molo] Ho}
PE WA 255 o 249.7°K(-24T) ZAYL <
=g
o] NEOY #HA &E& PGNY #4IAM GN



=2/ ox| &2

:

0.9+
0.8+
£Gss/RT 07+
064
0:5

04 4

0.3 4

T Y T ¥ T T T

34 36 37 38
171000

. A a AHNINN OCHZIC}EHZCHZON%
&+
wi OH + A L/CE/AB/\/ ONO, ot
2
B
— I OCHCX-&OH
CHZCHzONOZ

[28 7] Variation of AGs/RT VS T for
polymerization of 2-nitrato-ethyl-oxirane

[% 3] Thermodynamic Parameters of 2-nitrato ethy!

oxirane(NEO)
- AHss -ASg Tc
Monomer Kcal/mol Jimole k K
NEO 13.38 536 249.7
GN 10.21 52.2 196.4

lmolo] o} Y& AALE -70C Hut & 45T =
A ebge gsigo

Ll Prepolymer(NEQ) M= =3

Rt oz F o2 JF FINSANA Lzt
cyclic oligomer®] Aol BEAFOZ ehdrh B
AYNME poly(NEO)S] GPC £4 Az Ex}3Fo)
oF 2,000~3,000 =AM FAYEC] Yelton, 4
~57] A9 cyclic oligomer® WHEE pentamer
¢} hexamer7t F4hgol] 93t UepdES ¢ & UK
ot metd E APA vkex 23 T RAKE
< YAzt BAFSE 2HET, EAYE £ F2
A= (polydispersity)e] A Z# %2 prepolymer
(NEO)E @Ad3taxt Astadth

A Z8 <l prepolymer(NEO)S A& Ak
Z3<E 939 BF:.0(C:Hs)29 1,4-butanediol&

[Scheme 4] Reaction process of cationic
polymerization for 2-nitrato ethyl oxirane

1/2 W12 Z%3}9 diethyletherE AAF & NEO
monomerE  FYste B3 EF(activated
monomer polymerization) o2 A3t &
A& A Fule Lewis 41 BF.O(Colls)2 & A
dow, A FEgW BAZFES AAAL 14-

 butanediol®} F¢ %oz FHsPh o] A Zvjs}

9 & AN g AEE old scheme 49 7t}

g FAL Foo} JAAE B i A7 8
Woll NEO monomerE YA £x2 FUAFIEA
TEd(AH)0] 40 ¢t HEE FY &£5F XA
=g

duiA e NEOS & /R@wgS buk 9
AS e wWE Hgoz HkgE o] Aol ZAHEH
of A<l whgo] o). mata E AP
NEO®) monomer 245mol 559 25ml-&9-& 100ml
b Euf g £ &% ZHGS ¥Ed 237
AAS L BREEd o7 FANETR EAF 2A-9
AT AxTHE G933

£3] NEO monomer F4& 443 37 $ist
o 2P FAIZ AT 5T FYFHL
™, §k& &7] Wl EA481EA %2 NEO monomer
7t EAEA EF 2AEALH, ©3 fIES
Scheme 4%} Zo] F BlYY &Fo] HAE ze=
gddrt. olg #sy] gt 2% 79 'H-NMR
spectrume2 A7 sgeyd 'H-NMR
spectrum .2 &Rl0] ol gem, BC-NMR spectrum
qME F3g dFE 4A EaAtt. 18 19 NEO
monomer<] 'H-NMR spectrunol Al 2.6~3.0ppm A}
ol ZAF AFEY EAQ 26~3.0ppm Aro)elA
9] peak7} 18 79 Prepolymer(NEQ)S 'H-NMR
spectrumol M= 9152 #5t9 o= Prepolymer

oA IS A7H A2520043 69)/ 115



=&/ ojdxl &

(NEO) Az FH HEFE IAsgen,
Prepolymer(NEQ) Wl NEO monomer7} 27
A gL A3t 2 89 Prepolymer(NEO)
BAF E¥Q vEA=(polydispersity, PD)2 <F
10~122 & Ha BAFMn)2 o 1,800~2,0002
2 el ole Prepolymer(NEQ)S] BAlzk #z
o] monomerst NAIAS FEAFFH AzFHLE JHF
e Fstgch

Prepolymer(NEO)9] €3 EA4& 18 99 TGA
oA oF 180C 71A] EAHoE TS ¢ F e
o, 2" 109 fe o] 2%(Glass transition
temperature, Tg)= ¢ -58~-43TC=E 4 Zg w2
279 S A8} £33 DSC spectrumd]
A drdZo] oF 1870]/gE AURATH A Zgv9
54&  Jehdt

(23 9] TGA spectrum of prepolymer

[28 7] 1H-NMR spectrum of prepolymer

NEOICaﬂBD-QSﬂH mole

(28 8] GPC spectrum of prepolymer

116 | S+ A8 7168 8] 2] ATH A23(2004d 69)

[Z28 10} TG spectrum of prepolymer

4. 4 B

B dAFo=  2-nitrato  ethyl oxirane(NEO)
monomer ¥4 NEOS Fahukgel A g
£5 9 4933 geHels SA5td 19 A E€
2 Prepolymer(NEO)2] 5% = EAQL 793
on #HH A QoFetd o33 Pt

1. 3-Buten-1-0l€  Nitrationd}e]  1-Nitrato-3-
butenes T ZH &4 F& 95% o]l
3, £E5 80% o]Ato]™, 1-Nitrato-3-buteneg
epoxidationdt4] 2-nitrato ethyl oxirane(NEO)
A% A1 A 82 50% Axer ¢
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A Zv) Bl A] 2-nitrato ethyl oxirane(NEQO)¢
B g 3 v g 2T oW B
Tgdle AlZke] FokAx, HhEEE Wobglon,
W WS ewv)l gow whEEE HOou P
Y 3= A7 2o Aok

. 2-nitrato ethyl oxirane(NEO)Y] & 7j& 3 b
$9 AFL=(Toe & -24TeH, @983 3
ZhES) - AHwS - ASe& 7 7 134 Keal/mol
¢} 53.6]/mole k °JHth

. 2-nitrato ethyl oxirane(NEQ)& ©]&-3}ld EA}&ZF
2,0002] poly(NEO)S NEO : Catalyst = 25 ° 1
o E HE2 F3sH

. Prepolymer(NEO)9] Z3 A] NEOE AAlst «
=7t 9% o1l B9l HF poly(NEO)S &4}
2% 2¥7} single modalE YWEFsI, polydispersity
T o 10~120W, & ¥g EAZFMnL o
1,800~2,0002.2 Yergth °l& poly(NEO)9] &
ek ZAol monomerst NAAIS] FEd AZF
Aoz 715EE FUskATh

. Prepolymer(NEO)8] |3 54L& TGAAM <
180T 74 450z ¢tAFFL ¢ & JoH, &
g o] £%(Glass transition temperature, Tg)
2 oF 58~-48TE A Eene zd FHT
< Fstdch =3 DSC spectrumo A & Fo)
o 1870)/g 2 AMUATEH A Ze9 E4& F
YERdHTE

[E 4] Properties of Prepolymer(NEQ)

Properties ~ Prepolymer(NEO)
Molecular weight(Mn) 1,900 ~ 2,500
OH value(ea/Kg) 06 ~ 08
Density(g/cc) 124 ~ 125

Glass transition temp.
-580 ~ -480
(Tg,C)
On set decomposition
: 180.0 ~ 185.
(C, DSC, 10C/min) 1850

7. A ZE99 poly(NEO)S 54 & 4o 893

Ao, 71& A ZFHAPGN Rk €3 A4
B 72F GAA] MAHNeH, A2 ALY
poly(NEO)E AAthell oA i A EHRE
FEOE AR AFA 45 Rl
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