392 XA A A R TR, S L U IR R, skl

XEHS:1006-9941(2019)05-0392-06

B HEBE CNAKIHI & R EL7E HMX BB & 25 7 0 2 R

Mg HER VKEF 2R Y KL NENRAR, KR
(1. FmELAE T HAEZRATEMBRIERERFRF O, 3L 1000815 2. W7 sifeAe AR AR, W FH
646000; 3. L EKm AT HR AR, L&A B 271603)

OE: UGB R BRI (NC) (Y 727 P RE , 38 X 2 4k 2 HEAT 6 12 55 15 P2 196 1 1) A~ it o T 5 1 G A R AR G
XUKE P8 A B4 28 24 28 T 45 T -7 4 3R PR S PR IR S IR (CNAD BE B o R HITCR 20 (EA) S AU HT (DMTA) (A (TG) |
ZER P R (DSC)AFERAE T CNAMIITR & ik JETTEN LR SR 50 W e 45 v A 8 A 1 PR RE ROAR APk . TIE T CNAKE 25
JE 2GRk BRI o 45 2R, P AN CNA B3 A 20 51 0 4.27% .8.16% s RS FRTR 2= M M 5L T A IR A IR

Vo AT L T T A B A R M A R R B O R (1.28) 19 CNA I VR E PR NC R 75 T 6~13 °C 3 CNA 5 KB 43 & BEA1 Rl ] .
BB A M s CNATT TR H 3R A M 25 AR B30 0 CNACKE 25 0 245 LG SRR JBORS 25 48 25 BAT T v i R 2 PR

KRR : LR IR B BRI 5 IR (CNA) s B3 0 AT E 1 s AR A 1

HESES: T)55 XEPRERD: A

DOI:10.11943/CJEM2018131

1 58l 5§

21 4 Z WS FR G (Cellulose nitrate, NC) 55 41 4k & 1%
2 i (Cellulose acetate, CA ) J& W4 F UL i) £F 4 g
TEKKELG GBI A EZ N . AW & A& NC,
TRy Rk 2y | SRy U RO | BE B et
XUHE B B BUBE A 1 R o R — P A B Y g
MR EH T NCJE R & o TR At R AT A9, A
I NC BE KKE 25 HA By i sl g 2 Pk e AN A S B . Bl
o A B A X R B ARk R Y RN T B, X £ 4
EX LRI /b R e 3 | J R P SE T
CA B R Uiy 38V, ol o 1 T T & 5 2 4 2 )
525, Bell F HPBFGE R B, K25 hin A — & = 11
CA, Pk BE & b 50— PR i R FH 2AOR , LA b i R 4 5 Yy

Y H#: 2018-05-15; €[ H#: 2018-09-19
P £& H AR B #: 2018-12-28

E&WB: PEESGI T E T ER A
(QKCZ-mp-2015-08)

fEZE B v - XU (1985-) , Lo, L WF 5 Ak, J2 20 0 3% RE A KLY
5% . e-mail : liuyanhuale@163.com

BEBRRAN: BFAM1965-), 5, B4R, FENFLLHERMTED M
T % B4y B 9% - e-mail : shaozigiang@263.net

AR B AR %

R AT K AR IR R B e L H CA B IE TR B &
R 23 B KK 245 1) e AR e o, I A7 A R B

2 7 20 R I R TR A R (CNA) & — i BE 5 A i
PR i et A BE BRI L 4T 4 RIR AR . EEEE
HHPRIF RS TR F 0 (ARDEC) P 5 H AR LT
(JDA)' R FF CNA il £ Fe HAE S & 68 24 550 i g FH F
58, T 105 mm KM S 25T 5, A5 R R WY, A
CNA ] FEAK % 5 24 % #4028 7 i
AEAE 5 ¥ (low vulnerability, LOVA) % 4 24 v 15 %)
)0 o FEAR 2 Bl Pk e U5 i, 20 tE 42 70 4R, 26
FE] R ST 4R D R 2 M % T o e i IR
M2 /B %, SR BF & T L PBXN-109,
PBXN-110.PBXN-129 AFX-757 % Kt £ i) £ Fp A
TPURNE 24, I 57 28 2 M VPA A o SRS 58 7 1

JE 2 HE 2 Bh 25 700 1 B /D (BN 2 1 Rl A e TR
FERBE A BRI o AR IS 3 e 2 rp e i DL
()t — R Al A R AR 4S5, SRR 2 I RE A Tk . A
W Fr RERNZE ) CNA R T RELG B 5 o, vl ol I 22 4K
24 1) R BSOS SO A B A — S 1Y R B AMES A D
FE A 24 R Sk 0 A AR R B, DA T S 0 v R PR Y

I LIRR AR 4 R O J5ORE, O J5 GE e A R T R 1Y
HEAT TR AL, PO BE Ik | SN B ] S 2T

Sl R A ST Xk Ae B8 B SRER U7, A W PERE CNA ROl f B L AR HMX SR £ 25 0 i B A D). & B M, 2019, 27(5):392-397.
LIU Yan-hua, ZHANG Xin-fang, SUN Jian-gang,et al. Preparation of High-performance CNA and Its Application in HMX-based Mixed Explosives[J]. Chinese

Journal of Energetic Materials( Hanneng Cailiao),2019,27(5):392-397.

Chinese Journal of Energetic Materials, Vol.27, No.5, 2019 (392-397)

Sttt

www.energetic-materials.org.cn



Pk fE CNA Y il 5 B Ho /e HMX SRR & K 25 0 /9 1

393

PR, 45 2 99 Ff 45 F AN TR B9 CNAG FE BT 58 CNA
fip P BRI R PERE AR A PR SRR L CNAAE B 46
AW T HMX S TR KR 25 R AE T K 25 19 RE i
AE , I 55 H e KE 25 vh 3 1 09 AR S R 45 ME 2 b AT X L
S CNAE g i 1 E 86 45 770 70 T 2 I 25 v ik 1oz 1 4 3t
T HER

2 IGER 4

2.1 RKFENEE

FREF4E R R Al 980 MRS 47,80 H , b 5t
D7t 20 27 4 2 4RI KA R A B R (H,SO,) (il R
(HNO,) \fif iz (CH,COOH) W R & . 2 IR A Ak
BB B N A (CP) L 4R & BiR (EAC)  — & W %t
(DCM) = A (DMSO) . — H1 3 H1 ik i (DMF) |
T LT (EGM) 5 KB R (HAC) |, 43 B 20, [ 25
SR A F

VA BE I R SR B RS ST SR W 48, V=15 L, B
il W Hs L% MR &, A 316L, V=15 L, A il
Vario EL JC & 7 t 1% , 7 & Elmentar 2\ @] ; Anton
Paar physica MCR 301 Jit Z2 1%, B H 1] Anton Paar A
i, Bt DMTA IR ¢ H s NETZSCH STA 449C #3
HrAX, #8 [ NETZSCH A H] ; DSC 60, H A & HEAS ] .
2.2 KIgFE
221 HAEZREBEECNAGHFILRE

CNA B £33 #2140 Scheme 1 B kG il # A JFURL
PIH,SO,-HNO,-H,O Mtk 5 it i o 50:1,
FE 30 °C, Bf [A] 45 min, 3@ iF 984 5 6 46 4k &t H,SO,
HNO, . .H,O i I il , 75 2] # F & A 4 6%+0.05% .
10%+0.05% Y NC Hr[alA ; 88 J5 FH HAc 43 5% 7 Ak
2 hJa, #4 | A% H,50,/CH,COOH/H,0 IR&
H,F 50 CE&MU N, Btk 2 hig, O BREEh AL, e )
5 3 W AOE R B CNAL K P b B R K ek
CNAT, & i = i ic i CNA2,

H,S0,-HNO,-H,0 A @

or /f 0. | ho A Q oH /°
HO HO N\ N
HO LO. on M 0 HO H
oz OH OH OH (M)y\OH
> nitric acid . __— . cold/hot water NC lower
esterifiction fitration washing =1 nitrification degree
L time, temperature/bath ratio '
~gmm | filtration & dehydration neutralization e:?:rtiﬁc:%gn s Z°§it\',°a§§f
. > l
o acetic anhydride / H,SO,
S o " —_0A -ONO, i i
nor O —Q0w~ —0OCOCH,
Scheme 1 Preparation process of cellulose nitrate-acetate mixed esters
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XUHEAE 8 FL 5, SR, L, S AN R AR kAl
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i 3 ol AR i Ak & & o HL,SO,  HNO, . H,0 i It
i, AT ) CNA B B & o AR5 45 10 PRl CNA FE
it (19 7 28 3 e il 4 SR an 36 1 s, BT ol 4 1 CNABE
A S 4.27%(CNAT) .8.16%(CNA2),
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Table 1

substitution degree, acetate group substitution degree of CNA

The nitrogen content, carbon content, nitro group

nitrogen carbon

sample —ONO, —OCOCH,
conten/% content/%

CNA1 4.27 41.09 0.76 1.28

CNA2 8.16 33.90 1.58 0.72

3.2 AfRESW

g 43 A T PR i R i A X CNA B 3 1 P R 5% i), F
FEAT W B CNACCNAT  CNA2) A 5 L= Fl NCOR &
R 13.19% 30 NCT1, & & &8 10.01% 108 NC2.
AN 7.03% 08 NC3)BE S 47 7 et 4k 40
¥r T % H 1£ CP.EAC.DCM.DMSO . DMF.EGM 5
HAc Z R 55 p i i VERE L 25 R LR 2.

F V8 i P 00 P IR Y NC AL S8 2Rl T
DMSO .DMF, B % & & & i3 fin , NC 7£ CP Fil EAC,

F2 CNA NCTEMRIEH b A i v 45 R
Table 2 Results of the solubility of CNA and NC in some sol-

vents

nitrogen
sample conten/% CP EAC DCM DMSO DMF EGM HAc
CNAT1 4.27 ++ ++ ++ ++ ++ + ++
CNA2 8.16 ++ ++ + ++ ++ ++ +
NC1 13.19 ++ ++ - ++ ++ ++ -
NC2 10.01 ++  ++ - ++ ++ 4 T+t
NC3 7.03 + - - ++ ++ + -

Note: ++ refer to dissolution, + refer to swelling, and — refer to no dissolution.

Chinese Journal of Energetic Materials, Vol.27, No.5, 2019 (392-397)

EGM ¥ fif PR 4P 5 15 i PERB 25 4 2 I, CNA 119 73 it 1
BIRAR(EEAE 7%~10%)NC. HA B (S AR N
13.19%)NC#-A I8 &, 5 5 D] R 1 255 09 i A B 3R
T LT Y A IR TR 1 R P A5 R ok T H Ay e 4R
4 T B, S S50 3 R 285 g A A T, AR IR EL 4 A 2 TR g
P 1 R RE
3.3 DMTAMK 4> #7

CNAT.CNA2 NC(& & 13.19%) F it 1Y 6iff 77
B FE R (tand) B W A b i il 2k 1A 1
JIF7R o

1.2x10"0t

9.0x10%

(o2}
o
>
a
[en)
©

storage modulus / Pa

3.0x10%

0.0~ : : ; .
-50 0 50 100 150 200
temperture / °C

a. storage modulus of CNA

15
—NC
——CNAT 168 C —
—CONA2
101 5
“ 186 °C
S
5 F
0

50 0 50 100 150 200
temperature / °C
b. loss factor (tand) of CNA

1 CNARIGERERL I S AE A T~ (tand) H 2k
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Fig.3 Compatibility assessment chart of CNA and typical en-
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(p=1.84 g-cm™"™) Jil A CNAJ& , H-CNA Ay 1 $ 42
B T 0.45%, [n] B H-CNA [9 48 34 48 w3 & 1
H-F2603, 70 il #E & 1 2.7% 7%

T3 OMAIEL IR
Table 3 The heat of detonation and detonation velocity of

composite explosive

density detonation heat detonation
sample - B ) B

/g-cm™ /)-g™" velocity /m-s™
H-CNA 1.783 5635 9010
H-F2603 1.80 5485 8420

R4 RAM IR

Table 4 Target mark test of composite explosive

sample density /g-cm™® scar depth /mm
H-CNA 1.864 6.010
H-F2603 1.853 5.939

5 H-F2603 B 45 ¥E 25 A0 F , CNA B 45 K 25 1) KR
W T 1.2%, U FEZ B RE A T, X 5
A CNA J5 BB BRI 3 5 T F2603 Ay 45 - —3% .
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Preparation of High-performance CNA and Its Application in HMX-based Mixed Explosives

LIU Yan-hua', SHAO Zi-giang', ZHANG Xin-fang', YUAN Jing-jing', PENG Huan’, SUN Jian-gang’, ZHAO Li-bin*,
ZHANG Ren-xu’

(1. Beijing Engineering Reaearch Center of Cellulose and Its Derivatives, Beijing Institute of Technology, Beijing 100081, China; 2. Sichuan North Century
Cellulose Technology Research & Development Co., Ltd, Luzhou 610063, China; 3. Shandong ruitai chemical Co, LTD , Feicheng 271603, China)

Abstract: To improve the mechanical properties of nitrocellulose (NC), a cellulose mixed ester modified with double groups of
nitrate and acetate groups-cellulose nitrate-acetate mixed ester (CNA) adhesive was prepared through the chemical modification
of esterifying cellulose using nitric acid and acetic acid. The elemental content, solubility in acetone, ethyl acetate, dichloro-
methane, etc., thermal properties, and compatibility of CNA were characterized by elemental analyses (EA), dynamic mechani-
cal thermal analysis (DMTA) , thermogravimetry (TG), differential scanning calorimetry (DSC), etc.. The detonation velocity,
heat of detonation and plate mark of CNA-bonded explosives were measured. Results show that the nitrogen contents of two
kinds of CNAs prepared are 4.27% and 8.16%, respectively. The introduction of acetate groups increases the solubility of cellu-
lose mixed esters and improves the flexibility of molecular chains. The thermal stability of CNA with larger acetate-group-content
(1.28) is increased by 6 °C to 13 °C compared with that of NC. The compatibility between CNA and most energetic materials is
good. CNA is used as a binder for press-packed mixed explosives. CNA-bonded explosives have higher energy performance than
fluororubber-bonded explosives.
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