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RNHCH,CH,OH ————
fuming HNO,

[RNH,CH,CH,ONO, ] *NO, = +[RNH,CH,CH,OH] *NO, ~

NO, NO,

c,0
[RNH,CH,CH,ONO, ] *NO, = + [ RNH,CH,CH,OH] *NO, 'n*é» RNCH,CH,ONO, + RNCH,CH,OAc (by-product)
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Scheme 1

2.3 Et-NENA g%l &

W R MGETR 31.50 g(0.50 mol) i A F 3 A7 [l i
B PFERE ORI IRk 2 iy 250 mL g E S
B Chnokk s <+ B A R 8 g 0% 4 i 3065 B8 19 W 1m LA
T) ARG TE R KK SRR AR A BRI T LA R
MR N 22.30 g(0.25 mol) & Z iz, 455 il i i it
JEMFIREEAE 5 ~10 CLATF . LR s %
FVKIKAS SO R AR S A 2 il 4R F R SO 15 ming

% A 1.50 g(0.011 mol) ZnCl, 9 61.20 g
(0.60 mol) Ac,O F I M E SN T finast 7 rp 48
il BETE 25 ~30 °C. MURLSERE , 45 i SO it B A 40 ~
45 CHRZEREFE R 15 ming SR 55 SN 1A 50 g
PR VKR AN e, G FR A T WA A i, A B BR 25
KIZ TR AR IR FH 2518 7K 5% NaCO, ¥l . 25
TFRPE U, B 5 T M A5 20k 8 A i 37.50 g, 13 %
83.80% ,2li i 98% (HPLC) , 155 2 ~4 °C,

"H NMR(CDCI,/TMS) §: 1.3(t,3H,CH,),3.85
(m,2H,CH,) ,4.04(t,2H,CH,) 4.75(t,2H,CH,),
IR it (KBr H B, em ™' ): v, (—O—NO, ), 1640;
v,(—O—NO, ), 1272; v, (—N—NO, ), 1516;
v.,(—N—NO,),1291; » (—N—0), 848, JTLE /7
(%) C,N,O4H, 5zil{E (BiB{H) . C 26.89(26.82),
N 24.06(23.46) ,H 4.99(5.03),

2.4 Me-NENA g%l

Me-NENA 1) il & J7 7% 7] Et-NENA {4 1l £ 7 1%,
A YRR B R A: B, 75 3 85. 8% , 4l 99. 8%
(HPLC) 55 38 ~40 °C,

"H NMR (CDCI,/TMS) §: 3.47 (s,3H,CH,),
4.11(t,2H,CH,) ,4.75(t,2H,CH, ), IR Y&} (KBr J£
H,em™): », (—O—NO,) ,1644; v, (—O—NO,),
1257 v, (—N—NO, ) ,1511; »,(—N—NO, ) ,1283;
v, (—N—0),850, JTE/H (%) C;H,N,O; I {E
(g {H): C 27.97(27.82),N 25.01 (25.45),
H4.26(4.24),
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2.5 Bu-NENA B9l #&

Bu-NENA [yl 55 75 5 [a] E-NENA il 25 07 2%, &
WO A ), 153 87.29% , 4l JF 98.3% (HPLC) , &
Mi-27 ~ =28 C,

"H NMR(CDCl,/TMS) §: 0.89(s,3H,CH,),1.44(s,
2H,CH,), IR ¥i& (KBr JEK,cm ™) : v, (—O—NO,),
1650; v, (—N—NO, ), 1537; v, (—N—NO, ), 1574;
v,(—N—0),835, JTHRIHT (%) CH,,N,Op Sl (i (3
B1E): C34.62(34.78) ,N 20.17(20.28) ,H 6.02(6.28) ,
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Table 1 Orthogonal experimental factors and levels
factors

level

A B C D E
1 0.10 0.10 5~10 25 ~30 15
2 0.11 0.11 10 ~15 30 ~35 25
3 0.12 0.12 15 ~20 35 ~40 35
4 0.13 0.13 20 ~25 40 ~45 45

R2 ERERLR

Table 2 Results of orthogonal experiment
experiment projects results
No. ield urit
S
1 A, B, G, D, E, 16.43  88.53
2 A B, C, D, E, 18.36  91.15
3 A, B, C, D, E, 2222 92.26
4 A B, C, D, E, 29.95 91.67
5 A, B, G, D, E, 56.04 97.43
6 A, B, G D, E, 69.57  97.10
7 A, B, C, D, E, 84.06 95.82
8 A, B, C, D, E, 88.98  94.61
9 A, B, C, D, E, 62.80 97.33
10 A, B, C, D, E, 68.60 97.94
1M A B, C, D, E, 84.06  97.71
12 A, B, c, D, E, 85.02 97.48
13 Ay B, G, D, E; 52.17 98.82
14 A, B, C, D, E, 71.50  98.62
15 A, B, G, D, E, 9.62  98.29
16 A, B, G 3 E, 92.80 97.69
K, 86.96 187.44 262.80 257.00 270.53
K, 298.55 228.02 256.04 243.48 257.97
K, 300.48 286.96 245.41  239.61  228.99
K, 313.04 296.62  234.78 258.94  241.55
k, 21.74 46.86 65.70 64.25 67.63
k, 74.64 57.01 64.01 60.87 64.49
ky 75.12 71.74 61.35 59.90 57.25
k, 78.26 74.16 58.70 64.74 60.39
R 56.52 27.3 7 4.84 10.38
3.2 M B

%8 GJB772A —1997 J5#: 601.1 .602. 1 JE&AE i
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B 7 AR A Y R R R HEAT TR
i SRR A A5 1 R v 2 kg, 25 5 20 mg, JBE 482 )
AR R 90°, £k 3. 92 MPa, & 20 mg; £
M GJB772A —=1997 J73£ 411.3 .502. 1 & - 8
N E T OHOE A A R R, TR R R
10 °C - min~"'; 2 M GJB772A —1997 J5 ¥ 407. 1 B
F 0 U R AR AT BN i 3k o G B 3 A UL R R AT T E
Me-NENA Et-NENA  Bu-NENA % 5 - #5 A4 i
ST T 15 . Me-NENA (Et-NENA  Bu-NENA [ #f
KPEREW K 3,

oy Hr Bt 2 W1, alkyl-NENAs {6 & 45 B A7 BE [ A
I VB B 3 AR A AR R G AR I A

%3 alkyl-NENAs fL4& 9 14 g
Table 3 Properties of N-(2-nitroxyethyl) alkyl nitramines
(alkyl-NENAs)

materials Me-NENA  Et-NENA Bu-NENA
molecular weight 165.1 179.2 207.2
density/g + cm ~? 1.530 1.320 1.211

T /C 38 ~40 2~4 27 ~-28
T, /°C - - -83.5
oxygen balance/% —-43.6 -67.0 -104.0
enthalpy of formation/k) - mol =" 1113 784 259

Tp/°C 216.2 214.4 212.6
fricton sensivity/ % 0 0 0

impact sensitivity Hy,/cm >320 >320 110

3.3 #MofRiEaE

EEZEREARERYY(PDSC) i Netzsch DSC 204 HP
A REREZY 0.50 mg, THREZ 10 °C - min ™', of
JEAAR R im0, U 2 MPa, gl 35 UR, AU
#W A 50 mL - min~',

=M EY R PDSC fh & niE 1 i, 4R/ £,
SRS P B3 ik W TR AR ], A7 A 0 ik 0, i LR
— ARG AL IR . Me-NENA 1E 35.5 CH —M
A T W B B — S TR W 1 W IR O R IR R
182.8 °C,I& TR IR J& H 216. 2 C, R 45 W iR B N
293.9 °C; Et-NENA FI Bu-NENA 1) 25 — /> Jijt #8411
IR e W B 43 00 D 1773, 168. 7 °C, U T i B 73
Bk 214.4,212. 6 °C, 4y fift 4% o 15 B 4 B o 308. 4,
348.1 °C, It FE H, Me-NENA (Et-NENA F1 Bu-NENA
Pt E N 5 Me-NENA > Et-NENA > Bu-NENA

I‘A}
b
oo

At 2011 4% #19% #54# (497 -500)



500 FatE A, WEH M, B R, X, B, 220, XD

JI Yue-ping, LI Pu-rui, WU Wei, et al. A review of recent ad-
4 2:5 ‘/l’: vances of energetic plasticizers[J]. Chinese Journal of Explosives
& Propellants,2005(4) : 47 =51.

1

Lo . = . W A R R . AR - A IR , )
(1) SPuL s Z Wit LA e T Zme (20 PR R IR R R AR )
& et #t, s : —4/.
N | Nl s NI ZH
jﬂ}? 7H‘ ’ it R M/ﬁféj [[78FS % E/E (53 @J Me-NENA | LU An-fang. A review on development of nitroxyethylnitramine
Et-NENA Bu-NENA =F{b-& Y, 38 o8 % g e W5 40 plasticizer[)]. Chinese Journal of Energetic Materials ( Hanneng
v e e . Cailiao) ,1998,6(1) . 43 —47.
N 51 YA P # éj: A y/{/—‘—» | A[ﬁ‘ﬂl E
&l\jlﬁla \E%ﬁ*ﬁ#ij n*lj_ﬂ‘;ﬂi ’ P e 0 32 W) -t [3] George F W,Walter J C. Nitramines and their preparation: USP
HRAb AWy 5 A BEE A Bl R B 5 Ak e B AR A AL A 2461582[P]. 1949,
%_%Eﬁ Eﬁ?ﬁj}%ﬁﬁ%%é‘ﬁ%ii&ﬁﬂo [4] Lu A F,Shen Q H. Preliminnary study of BUNENA Gun propel-
lant[ C] //27th International Annual Conference of ICT, Karlsru-
30 216.2°C he,Germany,1996.
25 [5] John R,James A. Solid propellant with noncrystalline polyether/
20 energetic plasticizer binder: USP5783769[ P]. 1998.
-7?) 15 AT [6] Chan M L,Reed R, Turner A, et al. Properties of ADN propellants
= 10 " 29397 Me-NENA [C] // The Fifth International Symposium on Special Topics in
§ 2084C Chemical Propulsion( Combustion of Energetic Material) Stresa:
g ° ~ ELNENA [s. n.],2000; 492 —502.
0 2125°C o 1C (77 BSEER, EBe , AEk. 0 2HE T e S R I 0 0 i RE T 5
5 S (). TR OAE TS 1995,10(2) 5 43 —44.
10 . . . BAO Guan-ling,SHEN Qiong-hua, LI Zun-lai. Properties of n-butyl
0 100 200 300 400 nitroxyethylnitramine energetic plasticizers[ J]. Acta Armamentarii,
temperature / °C
1995,10(2) ; 43 —44.
1  Me-NENA Et-NENA 1 Bu-NENA f#) PDSC i £k [8] Kala P C Rao,Aarun K S,Mahadev A Kulkarni,et al. Studies on
Fig.1 PDSC curves of Me-NENA, Et-NENA and Bu-NENA n-butyl nitroxyethylnitramine ( n-BUNENA) : Synthesis, character-
ization and propellant evaluations[ J]. Propellants, Explosive, Py-
rotechnics, 2004 ,29(2) . 93 -98.
(2) W T EENENA S RET LA R [9] Alfred T B,Fred T F. Nitramines: USP2485855[P]. 1949.
n( ZIEZ ) - n(REREIR) : n( ZFREF) =1 : 2.6 - [10] Alfred T B, Fred T F. Process of preparing nitroxyl alkyl nitra-

" e o o o mines: USP2678946[ P]. 1954.
2-“',%*%&@‘1}]1@?}] 5~10 C’%Qﬁ;}imlﬁ‘lﬁjj‘j [11] Shen Q H. Synthetic study of the BUNENA[ C] //27th Interna-
15 min, JZ W IR EE Sk 40 ~45 °C, tional Annual Conference of ICT,Karlsruhe,Germany,1996.
. - oy [12] i A, E, BN, 5. W & B R 2B IL & P& LK R
3 I DSC %} = A Wt E7 A 5%
(3) #A =R G HILTT T RS RS, SR PMEBLL )] Al A HE ) 5 Y T bR, 2009,7 (6) ;15 —
ZE 0 Me-NENA Et-NENA I Bu-NENA 4 3 .

fi)”ﬁ}?%j . Me-NENA > Et-NENA > Bu-NENA FENG Han-xing, WANG Bo, CUI Xiao-jun, et al. Synthesis, de-
velopment and application status of nitroxyethylnitramine com-
pounds[J]. Chemical Propellants & Polymeric Materials,2009,7
5% X (6):15-19.
(V] WEA M, 230 i, VE A, 5. SRR IR B BUR R[], K
YE257741L,2005 (4) : 47 -51.

Synthesis and Characterization of N-(2-Nitroxyethyl) alkylnitramines

GAO Fu-lei, JI Yue-ping, LI Pu-rui, LIU Wei-xiao, WANG Ying-lei, LAN Ying, LIU Ya-jing
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: N-Methyl-N-(2-nitroxyethyl) nitramine (Me-NENA) , N-ethyl-N-(2-nitroxyethyl) nitramine ( Et-NENA) and N-butyl-N-(2-
nitroxyethyl) nitramine ( Bu-NENA) were prepared by the reactions of methyl ethanolamine,ethyl ethanolamine,butyl ethanolamine
and nitric acid,acetic anhydride respectively. The structure of the target products were identified by 'H NMR, IR and elemental anal-
ysis. The parameters affecting the yield and purity of Et-NENA, such as temperature, reaction time, nitric acid and acetic anhydride
were discussed. The optimum conditions were given: n( ethyl ethanolamine) : n(nitric acid) : n(acetic anhydride) =1 :2.6 : 2.4,
the reaction temperature of the first stage 5 — 10 °C, the second reaction temperature 40 — 45 °C, reaction time 15 min, yield of
Et-NENA was over 84.70% and the purity of the refined product was over 98.07%. The physical, chemical, safety properties and
thermal decomposition of alkyl-NENAs have been experimentally studied.
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CLC number: T)55; 062 Document code: A DOI; 10.3969/j.issn.1006-9941.2011.05.003

Chinese Journal of Energetic Materials, Vol. 19, No.5, 2011 (497 —500) o A

W
oo

M www. energetic-materials. org. cn



