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PZOM ™ DL 2, 6- G ML Ry JFURL , 2 0 BUAR A
b Ak A 4 D R A N, 2 IR AT VAL A
T A R LR A B R AT S5 A RAE B IA R B AR
TR, R R K T 36%. B A, P EIF TR # 4
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FIE224 A fH R R L ANPZO & 1 43 7 7 125 19 SC ik
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2,6- H A LML R (DMP, A ) .2, 6-— B & -3,
5-fifF ks (DMDNP, A Hil) .2,6- 2 %-3,5- /i
ek (ANPZ, A ), ANPZO % L (4t 5 ANPZO
(B)-20001, ANPZO (B)-20004, ANPZO (B)-20005,
ANPZO (B)-30000, 4 £ 299.5% ) , ANPZO i ¥ (fk
TARHFSE Bir 575 ) 5% 805 T 42 4E) .

0.1% = L BRE W (0.1%TFA) : B 1 mL = &
%, — %K E 25 % 1000 mL, 1 0.45 wm A& #HLAH g
1 g, B 10 min )5 B BHRLE .

1o AR B AL, LG G1311C U T BB 2R,
G1316A 1H IR AL IR A , G1315D % 45 5 51) 46 1l 25 ,
G1329B [ sh#ERESS , B.04.05 R AL 2 T/E i 5 20 K
- Mg Rr 848 F) 2SR A IR H] L 43 BE D1 0.01 mg) ;
THERMO 7148 I j 4li /K #L 5 8 7 I8 71 b BE 45 (78 [
Elmasonic 2\ 7l ) ;0.45 wm 1 3E A (A HLAH) ;50 mL 2
PR (AL .

1.2 RBRWHEF
1.2.1 FRAEBERES

VEHLU i 5 ANPZO(B)-30000 (93 HLEE , 43 9 Bk
H¢ 5.00,10.00, 15.00, 20.00, 25.00, 30.00 mg (ki #f
£ 0.01 mg) T 50 mL A& A, A L
Rl B BB L T2 2 em &b, 2R A 5 IR
Vi a0 T 30 min, B A B E RIS ER 1S
B AN ] JoT VR B2 0 R G AR MR W . 1 0.45 wm A HLAH
PE MR L E 0 5 mLI TR A -

1.2.2 XA R O B2 I

FrHL 20.00 mg ANPZO IR 5 1 2 0.01 mg) T
50 mL Z5 s, oA 0 F 3 B I i ) A AN O i
FARZE LT 29 2 em &b o SR FHRE 75 I 41 ¥ i A B U i
AT 30 min, BREEEREES . H0.45 pm A HL
AR B L 3t 2=/ 5 mLIR TR A H -

1.3 BEEGFRIL
1.3.1 @iEEH

C,, {0 % # (250 mmx4.6 mm, 5 um) , k&
30 °C BERERFL S wl; ik 1.0 mL-min™; & 1 3 K
425 nm; S A8 MeOH-0.1%TFA, 5% JH B B vk i,
VR P 1.

1.3.2 RIERHEER

WK 2% 52T B I Bl AR Uk X ANPZO IR 1 V1Y
T ERCR () B EE-/K ; (2) FEE-0.1% — R LR IE I ;
(3) HEE-0.5% =R LMW ; (4) LK (5) &
5-0.1% =8 LR W 5 (6) L E-0.5% = ] & R
W
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R 1 ANPZO & 5487 (006 BE Ve I 72 P
Table 1

tent analysis

Gradient elution parameter used for ANPZO con-

time / min Vieon ! % Voo tia ! %
0 5 95
2 5 95
7 100 0
11 100 0
Note: V, is the volume of MeOH. V, volume of 0.1%TFA.

MeOH 0.1% TFA is the

1.3.3 EREFERE

TEH A 38 25 MF RS B9 IE D0 T, 78 28 45 BE vk i A2
JF(HBES 0.1% = ORI W IRy 5:95) 58
VR AR F (1) X ANPZO i FEVE Wt ANPZO 5
Ak 5173 B RUCR R 52
1.3.4 ®HNKKBEE

XF ANPZO 1A 5 TR E AT A P 43 4 AR 90 42 i
B2E AR W' i 1K1 45 G WO B (B 328 5% i FE A T 4
135 TEEHEHRE

SR FH 1301 HEAE A WA €1 A5 AR AR I 121 i
Y A [A] v B Y bR R T UL 0 s £ T LA & H AR
W ) DA TET AR DA Y AT U S VR 5 A e T R
EEL, 5 8 b AR/ 2 (2 GRCIE) o A B, % B
0.4 mg-mL™" B4R o, DL it 2 0 0 R o —
S5 0T VR 5 A 0 0 T AR A 0k TR i (R AR
1E). #4*5A ANPZO(B)-20001 . ANPZO(B)-20004
ANPZO(B)-20005 ) ANPZO Z: HFE 24 1l R 03k FE
Fi2 IR 1.2.2 9 7 ¥4 G B 6 i FE VR W, FH 0.45 pum
7 WLAH 8 2t 8 0 SR 1.3 HE AE A0 TR AR {033 4% 1 ik
FEDS , 10 5% H AR 0 i g E AR . 20 il DL 2 R OE T AR
il £ 0 BRI TR il B R L RE H ANPZO
T, S R E T 2 R IE X B a3 BT o R Y
AL
1.4 FEFEEE
1.4.1 %%

R i R T VR B K b v R R Y R E R
0.1~0.6 mg-mL™"o B 1.2.7 Fi B 19 2 51 A o 5 1 34 BR
1,301 HEFE (0 WA 8335 73 2 2% P R ARE DL 10 o €831 5]
L A U frg e TR, DA O o R R A A A A, e e 06 TR
TR G\ A b 2 o 1 £ 81, A5 1 1 05 7 B, B R T TE
Ltk
1.4.2 #iNRAEER

0.4 mg-mL" B9 ANPZO b E 3% W2 A T B,
0.45 wm A HLAH 8 B ok U8 5 3 40K, 53 0 T 3 4% A

N XK 2023 % #3144 #1148 (1150-1157)
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PRI BRI , iAo, ok O3, i A

10 fi5 55 (S) 5 W (N) HL R AE ANPZO (1 K 1 B2 A1
FE PR .
1.4.3 BEEILR

B 0.4 mg-mL" 1) ANPZO #5 e I W, % H
1.3.7 HE 77 B W AR 03 2% 1 B A2 R AR 18 UK, i ok £
RN H b e (4 0 7R, 3T ANPZO & & . % A 5K
(1) 5 A X 5 e I 22 (RSD) , A RSD BE A 43 Br 45 1
F R %% B

RSD = — x 100% (1)

S, n R IR U xR I E A X O HAEL
1.44 BEEMHILRE

Fie 1.2.2 R I W TC ) 2P BT AT PR L ANPZO i
FE 8 Be B ORI AR W TR, 4 B A 44 O ANPZO-D
~ANPZO-@), 2k FH 1.3.71 77 19 W0 AH €8 1% 5% 14 2F 47 43
B0 ok 83 18 DL K B A g 0 i T AR 1F 3 ANPZO
T
1.5 FHiENH

LB R I W TR e S 22 LS ) S I 2k
IS )RS 1 Y Be 9 ANPZO I RE Y ANPZO 5

2 #R5WiE

2.1 HHEBIEEGNEL
2.1.1 REhHEEIERE

UL Bl AR I LY SR R A 43 B RO 1 — A E A
F L KR MM R A R o AR [V
WA BLWE L, AT LAAS B[R] 58 R Y O Bl A .
(MeOH) F1 Z i (ACN) J& S A WA €8 1% 5 FH 1 4 AL
VSR, 3 T B R R R B A 2 R K {HE T A
WAH OGS JE A — S22 5. hik A E M oo s M
R ZR X MeOH I ACN #EA4T T L3¢, 45 S an & 1 BT o

T AT, ANl MeOH 5 7K 405 30 41 i
J& ACN 5K (407 sl /L, ANPZO 4B H B8 ™ & (1) i F& R
S, 03 WX BRI AL 0.693 ., BRI 20 BT I g ix 2
S ANPZO &b 55 B 14 , 76 81 PR 58T, C, 03 A 1Y 35
T 5 2 TET 1) ik R 2 g B s f L s R
A Bk i ] 5 ) 0 i e 4

A& ANPZO & 55 T P A9 4% o5, ZE K P oim A — 2
W TRA 8 30 3 A0 08 R P | 10 ) €20 3% A SEDR) 36 1 A
BEFRBE0E M N R, SR T . Ol T B AR TRA X
ANPZO 43 BRI, L T 0.1%TFA L0.5%TFA
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PR & TEA 3 8 A 2 7F T ANPZO 19 €4 38 43 15
B85 R 2 s o

i1 2 AT LUE AN 2 4l MeOH i 25 A ik
&= ACN MO B A FE K oA — & & 1) TFA,ANPZO
i e AR v LAAS B0 G , (i i 0 I8 i a8 X R vk 42
J+%0.895 L b [FA,0.1%TFA 5 0.5%TFA Xf AN-
PZO o i U6 e X AR M 1 03 B8O AR A 2200 . F

——ACNIH,0
40
——MeOHH,0
20 V ““

0

A/ mAU

0 2 4 6
t/ min

1 ANPZO fE MeOH 57K i £ Ui 3l A DL S ACN 5K IR 3

TSR A AE T 1 (3 5 5 K

Fig.1 Chromatogram of ANPZO obtained by using metha-

oo

nol/water mixture and acetonitrile/water mixture as mobile

—MeOHH,0
40{ — MeOH/H,0 (0.1% TFA)
—— MeOHIH,0 (0.5% TFA)
20
8

phases

)
=
1S
= V|
4\,_\(“,_1
0 .
0 4
t/ min
a. methanol and water
—ACNMH,0
404{——ACNMH,0 (0.1% TFA)
= ——ACN/H,0 (0.5% TFA)
=
1S
i H: C

s

0 4
t/ min

oo

b. acetonitrile and water
2 RIERBERY TRA R SR Z61F T ANPZO Y (035 23 25 14
Fig.2 Chromatogram of ANPZO obtained by using mobile
phases with different TFA concentration
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B R R BE Y TR £ IR €8 1 AR AR S8R B i, B A0
TFA B B 2 4 0.1% .

R4 ANPZO 1A i T 2007 4 5 H T Be A7 76 1Y 2%
A 2, 6-— H E % (DMP) |2, 6-— 1 & -3,
5-fl H 0k % (DMDNP) .2, 6- % #£-3, 5-  ff it
% (ANPZ) . ¥ ANPZO ,ANPZ . DMP,DMDNP i 1,
AWM, EEE &, /S5 pl. 40 H
MeOH #i10.1% TFA ACN F1 0.1%TFA i sh A 2F 47
YRR, 5 R 3 TR .

- ——ACNH,0 (0.1% TFA)

i ANPZO ——— MeOHH,0 (0.1% TFA)
> 1500- ANPZ Dy DNP
E DMP
< 1000

500 { A J\
0 : : . . .
5 6 7 8 9 10 11
t/ min

B3  RIFEFEHHE T ANPZO 5 &7 9 (3 5y 5 15
Fig.3 Chromatogram of ANPZO and by-products obtained
by using different mobile phases

I3 ANPZO 5 7% B (9 43 B ROCR , & 3 MeOH
WA ET , ANPZO 5 3 Fi 2% ot LA B2 2% o 5 4 ot 22 1] Y
O3 B BE YR F 1.5, 1M R ACN 507 8h #H Bk, ANPZO
ARG 3R B4y BT T, {H )2 DMDNP 5 DMP & fig
SEA BT, R, R MeOH 07 8 A He ACN i
A B RCR A
212 REBREFOHE

PEAT RSO AR 3 2 BT i, R 2 Rk Oy = 4
JE VR I AL B R . B AL T MeOH-0.1%TFA 4§
J3E VO 0 A 85 R B AR I« 45 BE BRI AR TN Vieon! Vo.rnrea
=5%/95% ; B B ¥k B FE ¥ A 0~ 2 min, 5%MeOH;
2~7 min, MeOH H 5% 3 il & 100%; 7~11 min,
100%MeOH . %% T A PR ¥ B ANPZO 1) 5
Ty B O, 25 AN 4 R .

w4 T A DG Ak 00 25 B o I R e R0 EE R
T T, ANPZO 55 44 Jit 5 il 75 S5 J B ] P9 52 B0 A %
I3, Hor B AT o BAESE R BRI AR )Y T, ANPZO 1y
P& B3 B8] 29 10.52 min, 10 76 86 B2 YE A2 5 1, AN-
PZO B A5 B8 I T A M 6.79 min, 45 B8 I 6] 45 %5 1.5 1%
LEAT AT AR T TR IR . [ B 6 B e AR I
T ANPZO ByUEIE B8, A F) T HEif & it
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400
——gradient elution

3004 ——isocratic elution
2
<
£
< 200

100+ {

]
: J
4 6 8 10 12

t/ min
B4 A AT e L
Fig.4 Chromatogram of ANPZO obtained by using isocratic

elution and gradient elution

2.1.3 BNEKHBHBE

1A B ANPZO [ b, Hi 2y i 2, 6- — 1 A 3
k% (DMP) | 2, 6-— F & 3£-3, 5- f§ & ik &
(DMDNP) B JEA B Bl =) 2 R 2 2
ANPZ. H Itk , % ANPZO F1 ANPZ 7E 190~600 nm i#F
TR AN A AAT 38 1R AN 3 A 5 s o

i & 5 7] %0, ANPZO 7E 310 nm #1395 nm A %
K% W, ANPZ ZE 250,310,410 nm BB KW k. 24
W 6 B #E 0.2~0.8 B, e B 0 £ Ay AH X A v D 222 4B R~
K, 2 L B R i VA TR TE T R R R L A B WO
0 L R ERE SR 7 3B G0 v 75 RN 2 ) T4, HLAY A A G
1600+
14004
12004
1000+
800
6004
400

200+
04

Al mAU

200 250 300 350 400 450 500
wavelength / nm

a. ANPZO

1200
1000
800+
600+
400+
200+

A/mAU

200 250 300 350 400 450 500
wavelength / nm

b. ANPZ

Bl5 ANPZO ANPZ%45MHE
Fig.5 Ultraviolet spectra of ANPZO and ANPZ
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PRI BRI , iAo, ok O3, i A

TG £y O3 A0 R DR E MR B D K sk T E AR
KWW H PR 425 nmo,
214 TEEFEHHE

H— bk bR 5 N AR A AR R A E
D5 T — Ak A R R R TR 4
AR I B R TR B 9% A% PR AR R ME LA SE R, A
W, — MG R RN EE A% vk o AMAR IR R N AR A R
T A A S B Y o P BRI A
R WERG O — 0 R L THBR TR AE S AR R R
15 22 (R B SRRT , LN bR SR R AE . ShbR ik
FRIR TR R 5 BR E W B SR — B (H R AR AR
T3 A5, I X6 KA R i I A PR R S R AR, ELRE
SR UE YA SR A — BUR A By S, B LA 36 28 1 4
bRk BEAT ANPZO SE B

R AR A 9 85 BN (R AN TR] A b 1k TT LA 43 o B A
KIEE M Z SR IEE . 20 ERE® ERHRIS
ot N (7] P s 7 T VR S — A% VIR B 5 ) 7 (B R M G R

®2 HAKIESZAKRIESS

(1 T il 2, MR 4 0 R 1 7R T il 4 1 1 g 7 (R
5V AR T B R T T SR FH 5 R A T 3
JEE B — BRI, D A T A O 2 — SRR
{5 g o {46 1 G 2R 1 T A i 2R, AR 5 AR i R 1 T
FE T AR e L me 7 (R SR A L BE A . i T SE BRAs i
bR o il 2k R AN N R R AR IER S £
AR IR T AR I A B 4 SR v A — B I 25 5%

B (] ) B OE R 2 SR OE AR AR Y 3 AR Y
ANPZO Z LU HE A A5 R W36 2. W3R 2 AT [T, B
1E 15 2 5K 0F 315 59 ANPZO 40 )3 S 249 {8 LA Kz s o fi
AR5, KL SR IES RS S IES R A
— Bt [FEE, R AR IE R R AR 1 3 AR
ANPZO Z L K 4l i 7 ¥ 5 1% 2 W 9 45 3R
(99.5%+0.3%) B A —F ., X L WR SR E L
T ANPZO &l i I3 S MEaf vl A7 9 o P, 72 S8 bR T
PE, o T $2 8 TAERCR , 46 58 43 B il e i 8], R A 3
SRS IE VR HEAT ANPZO 4l J¥ 58 R/

Table 2 The results of single-point calibration and multi-point calibration

samples calibration method ANPZO / % average / % SD /%

single point 99.6,99.3,99.7,99.2,99.3,99.5 99.4 0.20
ANPZO(B)-20001

multipoint 99.5,99.3,99.8,99.6,99.4,99.5 99.5 0.17

single point 99.1,99.3,99.7,99.2,99.5,99.6 99.4 0.24
ANPZO(B)-20004

multipoint 99.3,99.4,99.6,99.7,99.2,99.8 99.5 0.24

single point 99.5,99.7,99.3,99.6,99.4,99.6 99.5 0.15
ANPZO(B)-20005

multipoint 99.5,99.6,99.3,99.6,99.8,99.7 99.5 0.17
Note: SD is standard deviation.
22 FEFEER 3000

5=3988.6C+63.124 N

2.2.1 &MHEE

SR 1301 HEAE 0 VA €55 43 8 2% 0 DU AN [ B
MR R b MV R, B A RE A EAE U 2 9, e R
0, 3% PR H A i T A . DL H AR I 2 K 0 TR
(mAu.s) (187 I E o 9\ A b, b o 5 R A 3T o v 2
(mg-mL™") Ay A b 2 il A o it £, I 6 9T/ o

i & 6 1] A1, 7E 0.1 ~ 0.6 mg-mL™" {1975 Fl 9, AN-
PZO i1y Vg TH AR5 T uk B A9 4R M Il D7 B Ol S=
3998.6XC+63.124 MK R E R4 0.9996, WL 1E Kl 6
X INE VR R Y LN L 2T TR B LU B IR E R R
2.2.2 iR FEE R

2 3 A5 AE M L (S/NDTHEE A T Rl 20 ng-g™',
10 FE(E MR L (S/ND T E S FRA 67 ng-g7's
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2500 R=0.9996 /
2000

1500 /

1000 /

500 /

v

S/ mAU-s

3 0.2 0.4 06
C/mg-mL’

Bl 6 ANPZO BRI dh £ IE Hh 2k
Fig.6 Calibration curve of ANPZO standard solution
2.2.3 FEELRE

¥ 0.4 mg-mL 19 ANPZO FREE W AE 1.3.1 HE4E
AR YR AH € % 25 1 T 2 R AR 18 I, K 3 ANPZO (83 i
W T AR, TS ANPZO B i R A N AR o 22, 45
W3,
A et

www.energetic-materials.org.cn



2,6-" A FE-3, 5-T fiff k- 1-5 Mt R A BORAR 55 5 BT £ R

1155

®3 EEELRER

Table 3 Results of precision

name

results

average RSD

peak area / mAu

content / %

1596.49,1600.90,1596.32,1600.90,1585.92, 1601.06
1590.76,1596.16,1599.59,1591.91,1590.76,1596.65 1595.14 0.26
1591.74,1594.36,1594.85,1593.22,1597.47,1593.54

97.66,97.93,97.65,97.93,97.01,97.94
97.31,97.64,97.85,97.38,97.31,97.67 97.58 0.26
97.37,97.53,97.56,97.46,97.72,97.48

Note: RSD

relative standard deviation.

% 3 AT, ANPZO 04 Ta R A9 AH X Fr 76 s 22 RSD
H0.26% , 7 B HE 57 19 ANPZO 4l B 43 B )7 P ks 25 B

B

224 EEMER

K T A bR B XF 8 5 ANPZO 17 BE 1y 0,35 U U ]
AT 2 1, 15 58 ANPZO R4 B, 3 5 H 8 & PR AR X
PR 22, 45 R WL 4, W& 4 9] 1, 8y ANPZO V17
FE 1 252 D 5 1 AH X A5 HE I 22 RSD 24 0.30% , 156 3%
Ji A AT

2.3 AEMA

SR AR B8 VRAR €20 335 73 18 A0 ik 2% AR D 22 4L

R4 Nk EEEIELR

Table 4 The results of repeatability

samples sample mass / mg purity / % RSD / %
ANPZO-D 20.14 97.8

ANPZO-@ 20.72 97.6

ANPZO-®) 20.27 97.4

ANPZO-@ 20.55 96.9

ANPZO-G) 20.06 97.1 030
ANPZO-© 20.70 97.5

ANPZO-@ 20.57 97.4

ANPZO-® 20.45 97.6

K5 AEANPZO T & &

Table 5 The results of different batches of ANPZO

W7 25

AN TR LS 2 AN [RDHS ) B B 1 ANPZO 5, 115503
FEh ) ANPZO & i 85 R 9 TR 5. NES Al LLE
AN [) B Bl 4 OHE T B B2 ) ANPZO i A T AN-
PZO & i AR, R % 5 ik 6 T4 B T AE 3 Ko i
BB MU AR ) SR A —E 148 T S

3 %t

(1) #EST T 5E T80 B R B0 A VA 5135 ANPZO % i
MR A . R SB-C,, B3 HE , L BRI 0.1% =L
PR B 7K A sh AR, 7E 425 nm AP K, 1.0 mL-min™' Y
T T, ANPZO J BB [ ANPZ 43 85 4T, 43 #r
ff A4 7.0 min,

(2) 7 Mk R 76 0.1~0.6 mg-mL ™" Y7
P, ANPZO 119 06 T AR 55 0 et ik B 17 4 2 [l 091 7 Ao
$=3998.6XC+63.124, HIL A H R* 4 0.9996,

(3) 4% 3MEEME L (S/N) I KBRS 20 ng-g 7',
FETOMEAE M L (/NI E E RN 67 ng-g™'s

(4) R A b 32 B R IF 0 1 B ANPZO 411
SE e, A I 2 S A A X A v A 258 0.30% . 1T
DU T AN ) B% 2k A R 55 70 G i) ANPZO #  46 E
DL, S 37 b 1 o 4 o) R e OGS

%

samples purity average RSD
ANPZO raw 95.4,95.7,95.1,95.5,95.3,95.9 95.5 0.30
ANPZO-200 96.1,96.3,95.9,95.6,96.5,96.4 96.1 0.32
ANPZO(w)-2205251 97.9,97.6,97.4,96.9,97.1,97.5 97.4 0.28
ANPZO(wf)-202205 98.4,98.9,98.5,98.3,98.7,98.6 98.6 0.22
ANPZO(B)-20001 98.6,97.9,97.7,98.0,98.3,98.5 98.2 0.30
ANPZO recrystallization 99.7,99.5,99.6,99.3,99.4,99.2 99.4 0.19
ANPZO-575 98.6,98.8,98.5,98.6,98.4,98.7 98.6 0.14
ANPZO-805 99.0,99.3,99.1,99.2,99.3,99.4 99.2 0.15
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Quantitative Analysis of 2, 6-diamino-3, 5-dinitropyrazine-1-oxide Purity based on High Performance Liquid
Chromatography

CHEN Ling'*, ZHAO Ying-bin'*, FENG Zhi-qgiang'*, ZHANG Yong'*, JIANG Li-chun'”’
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Energetic Materials Measurement and Evaluation Center of CAEP, Mianyang
621999, China)

Abstract: In order to rapidly analyze the product quality of 2, 6-diamino-3, 5-dinitropyrazine-1-oxide (ANPZO) and optimize
the synthesis process, high-performance liquid chromatography (HPLC) method was developed to quantitatively analyze the pu-
rity of ANPZO. The effects of mobile phase composition, elution mode and detector wavelength on the resolution have been
studied. The separation of ANPZO and its intermediate 2, 6-diamino-3, 5-dinitropyrazine (ANPZ) was accomplished by using
C18 analytical column with size of 250%X4.6 mm and 5 pum. The initial mobile phase composition was 0.1% trifluoroacetic acid
and methanol (95:5, v/v). The methanol ratio was increased to 100% from 2 min to 7 min after the sample injection. Gradient
elution was performed at a flow rate of 1.0 mL-min™", the column oven temperature was set at 30 °C, and detection wavelength
was 425 nm. The validation of the developed methods showed good linearity (R*=0.9996) , repeatability (% Area RSD% =
0.30%) over the concentration range of 0.1 mg-mL™' to 0.6 mg-mL™". The limit of detection (signal/noise=3) and quantitation
(signal/noise=10) of ANPZO were found to be 20 ng-g"' and 67 ng-g™', respectively. Therefore, the reported method is accu-
rate, precise and sensitive, which can be used for the quality control of ANPZO.

Key words: 2,6-diamino-3,5-dinitropyrazine-T-oxide; byproduct; high performance liquid chromatography; content analysis

CLC number: T)55;TQ560.1 Document code: A DOI: 10.11943/CJEM2023009

(Tidm: &%)

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS R 2023 % #3144 #1148 (1150-1157)



