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2.1 #@

B PBX IR GHEZ . Fithgify , RDX iR kR T —
M (HPTB) 55, F1 85 JJ AL B A KT 1 mmx5 mmx
10 mm g /B B XUHE & 5F 25 . BT %% 95, &% NG,
NC.C, %, 3 B e o =B R 2 . o i %%
LM AN (NQ) (NG NC . C, 4, 136 i I i 4k
Fo BNRLRSIZG . BT S, HARZA 1T mm, & NG,
NC.C, %, FEHESN . B % 52, &% RDX.NC.C,
S5, B AL A o
2.2 XHFEIKH

HS6150D BENCHTOP CLEANERS #8 7 % i vt
%, % M CEM 24 w] STAR 2 JF it B £ X, 5 [
Dionex /A & ASE200 ZEHAY , 35 [E Varian /A &) Rrostar
7o RO 0 3% A (HPLC) o

FH Ay 8 3% 4, K A ROk, A il R 12 58 43
4li
2.3 HPLC#REFH

@i%EAE YWG C18(4.6 mm x150 mm,5 pum) , ¥
DK 210 nm, i Sl AR S B BE +7K =55 +45 (V+V) (Il
RDX) s HEE+/K =75+25(V+V) (1] NQ NG .C, ),
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2.4 #HIEXHEBRR

UAE; #EBiFR L PBX (0.5000+0.0100) g F H %
=BT, A 80 mL PNEHHE R 20 min ()%
Z5°00.2 W - em™) JFBUE 55 R A 100 mL 2580, i
IKAEZS IR B A AR W IR [E] 29 0.5 h,

MAE ; JEFFREUSIE 2% — 324 (0. 1000+0.0050) g
TAEHURE T, N 75% L EEK 2980 mL, it A STAR 2
th 77 CCEHL A5 min id, %% 21100 mLEZE &,
FH 75% & KV W e 7%, D R0 R iR VA W R
25 1.5 h,

PLE: 7Ef PR BCHE 1 77 5l /K 24 (0. 5000+0.0100) g
AT mLAEBGE A, A2 5 ecm® T4 1b TR A,
LA ASE200 F HCAL v, DL &l B BE o FE OB,
1500psi (10342 kPa) 100 CHFHAZEE 10 min, %)
4 mL G o ol g AR EOBR i L AU 30 s SR AR 2
W (UL B AR A B 5800 « AEHUEE G, K il 4R
U, e 5% 28 LA BR 2 & W be, FH N 55 8 =
100 mLZE & IF 5 25 3R 50 WO RV W i AR st
25 1.5 h,

SE. ERAFREL (0.5000+0.0100) g kE T 3#iE
o, i A ZR R B RO 29 50 mL $2 5], 55 °C
HEATHEI . PR A B A BRI IR AESS °C
KV 178 BRI, TS R 5% B 22 100 mL 25 B
JEE A AR R AR v W, RE B[] 5 2 R A1
BRI S S

SDWP . #EffFREC (0.5000+0.0100) g k& F
BAIEHEIE M, %y 60 mL PYEA , 98 |- 98 B 1% B
PR E BT B e UM, B A 20 mL KB NC,
AR 3 2 1) INER 7K 52 58 A 100 mL %5 & i Ot
SERS L PRA)EHE 2 h, FH0.45 um (L 38 kL 38 )2
W, USRI W . IR R 29 4.0 hy

3 HR5WiR

P U BRI | T L T R R B A AR T
KIEL] AT R BEJR 2 e A8 A RE T B B IR A R B0k
YE25 03 it , (B 48 UAE . MAE | PLE 37 %l Bh 2 Uit , 8 7
P A R Ty AR SR AN i, ELR D R R AR R
T ACHOR 7R A A Bl AT RLAR DRl R LA AR R
IO 25 7 AE TR B ok v 3 BORE 20 1) 5 5%, o A T L
FHF K250 S 2B

FEARHE NC 3k 25 #E S i, BNC 7 KRR 25 K
Rk T PR A IR A 38 B R R (AN R ) | 2 2
A5 Sy 375 WK R A0 SO TR 400, RRY 3 s A 25 2 ISR, R E

g HA
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A3 2 AE IR T A0 38 4, BELRSRE o B A% 5T, 38 7 4 T B
JeRR IS TR B R . SR R T R
FIXE NC (%5 f% B 7 9F % 58, (0 A PLE ZE LR, A
ASE200 72 i A6 Uit 28 45 8% i 26 BB M i il F oy, A
IO I, 23 07 1 K NC I B 2E 487 i . IR otk fiff
UAE MAE PLE #F47 NC 5 & 4 245 #F 5t i 2 #LE,
RETERE NC Y R, I LA A2 B A8 58 4 N I
NC AL i fr il 1 o H Y o
3.1 UAE ZE

UAE #7 I T NC J ok 2454 i (19 22 B, AR AN g
£ NC 9 R, S %A 38 i # i g7 Sl NC
Ko7 T M, Bir LA 28 437 4 NC 25 [, 88 75 ik
ANAE ST 42 5 IR NC X5 750 AR 0 0 7y BELRS: 37 700 AR e
SRR 5 Hz o, 8530 0.1 g I 60 min,
C, 2B AN 3] 50% , it UAE ANl & A€ B NC 2k 24
Ko

FH UAE ZE S fb 2% 32 BK 19 151 40 1 HTPB 80K &
FIEE R By PBX E 24, ik £ 68 % ¢ RDX 1 A i fi#
HTPB 1 T i Z€ B, UAE 3E 614 7 3 PBX 3B
VW, FH HPLC 435 & I RDX a3 W i AR,y RAE
UAE ZEHUSCR , F %™ b B0 A B0 5 9 T3 I SE 2 B
5 hifil g eI, R 7 s RDX (8 % e T AR,
PL SE il 28 i AR i VR i BEISAE B UAE Y5 45 19
AR S B (E L, #2420 (1) 315 UAE 22 UL
% a,., N 99.6%,101. 2% ,101. 6%, 100. 0%,
100.4% ,101.2% ,100.8% ,

AUAE/mUAE
A=A me,
KA, Apae A 002 UAE 35 (SE 3 il 88 19 380 R 1 W
H RDX B (335 0 T A5 my e« mge 23 93l 5 UAE 35 | SE
BRI FRAE R, g

ay e BUHE UL UAE 55 56 WO YE A 28 1Y SE FE B
SR AH ], B BE K B2 4, HLF R4 0.5 h, B i 46
T SEVLA 5 ho BXJE K HTPB 5 R 4y 5 25 ] [ 4R 25
), 6 I A R I A R N AR 25 B 5 A ORI 4
filt o ¥ UAE ZEHUS g% i B, PSR vk 3, A 48
Mg (ULIE 1) T LU HTPB WA Wi, UAE fifi
RDX fhiR MR N HTPB 542 [ 55, J3 40, S HTPB
VAT DY DS ) 5 i, 6 75 A P T8 A ke BEL A 8 75 B TS AR
A Sob 588 4 0 B, 0 UAE 2 R0 B s B S P 36 i
LA 0y o5 —FhJ7 vk SDWP ik (IAERTE] 4.0 h)

ML E AN AT DL, UAE 38 ] F 2 U &
NC [ 5 #4 BT b 1) PBX KEZY , HAG 2 9% (PR 1k 1,

x100 % (1)
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a. original PBX b. solid matrix after UAE
B 1 K PBXJEZY UAE FEHUHT S B
Fig. 1 Photos of a PBX explosive sample before-and-after
UAE

3.2 MAE %
3.2.1 MAE EE&R

HI MAE il £ XUKE 25 F1 = 5 25 09 1R 3 0,
HPLC A 1l NG .C, [NQ a3 0 1l Bl Oy R AR A8 sk
R A Bt P it 36 MO RS 1) SDWP A I 5 1A
VW, R RE AT HPLC A 00 H A5 4 (9 6533 i 1 B, L
SDW P g5 B e 7 R BEIS E, F MAE SRR I W
SR AR B, A (2) 75T MAE FEHUECR ay,
BRI PAT AR I B, SR LR 1, iR 1 R,
MAE J5 05 ik 47 B0 20 A = 3k 25 Y AR I, 3OR
SDWP Hi [l , #RAEFE HLoE 42

AMAE/mMAE

=g /mSDWPX1 00 % (2)
N, Avae sAsows 781E MAE 3% SDWP 3 il £ 19 34
PRI PP 1 T 6 0 DR TET 5 e L Mg 53 0
MAE i . SDWP i il 8 1URE I I O PR AR 2, g0

R HAN(2)HAK MAE F B HR

Table 1 MAE extracting efficiency(a,,.) calculated by Eq. (2)
double-base propellant tri-base propellant
component ayae /% component auae /%o
- - NQ 100.4, 99.3
NG 99.8,99.9 NG 99.9, 100.6
C, 100.1, 100.2 C, 100.5, 100.4

3.2.2 MAE £H#MRARE
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NG e i 5 22 35K, A RE 1 48 w8 1 26 BUTRL B, A
fili NC /&5 50 1 &7 e v I R B A PR, b BRI T gl &
VEVER . A5 ) STAR 2 1800k 1303 5o W 2 3 BOR
P18 VI R S8 BRI A 8 v 1 A IR B, A g 8 s
BB ZMMER . 0T B4 ST MAE ZBUCR | i
117 2 BUR R AR A8 R[] ) 2% AR Ak i 56 o

3 SRR R RO W3 25308 0.1 g A\, Horp g
Oy & 50 mL FEEUE, 55 P44y 45 i 80 mL & HUH , #
HUE[] 43 5] ) 30,45 ,60,75 min, il # 320RE 0 W, K
AT NG .G, 4250 (2) TR BUS R ay.e,
ayae ARt R B AR AR AR B (I8 2) , AT LA AR L
W 50 mL B, EE I ) BP0 2] 60 min a5 2R
KIE 99.0% , ifif % BUR HE ik 80 mL [ 45 min fg#
ot 4, BEBIZEAS RV R b, #4423l g 4 46 il i NC
1o 4 S R GO T -, 25 BBOVR A 5 5 00 0 42 e, 10
Tl ipt R {4 RO RN 7 00 420 149 32 B 8 58, T DA — 2 R
RN T AR . R TR R R A B, NC & o T
L AT I A PR, 2 BCHRT 75 000 400 ) 5 e 2k SR — i, T
FEXGINFEBOR MR R 4R & ZE LR J1 o 3 Ah, AR HUR N
80 mL #H 45 min J5 ,NG WA RICE ay\ A TR
AT C, I ay e AR KA b, Ui NG 48 % 7= 4=
i ik . HESUERAZERGEI B, — HA NG #£
BB S,50 mL %A 285 2H E
BFA A NG MFE S ORI AZEBOR ; 80 mL B 7 H
P RO NG ZEHE 850K, T 21 NG #F A ZE
BOR, 1 NG AT K B TF 28 BU, Bl 25 1) 1) 9 28
PR P NG 2 RE & il — E 08 /D, Ul 9K fE 5 4E
b ) 385 i 2 B

100

g

95
——-NG 80 mL

——C, 80mL

awe /%

0
C2 50 mL

——NG 50 mL
85 !

30 45 60 75
t/ min

2 MAE F MLl
Fig.2 Optimality test of MAE condition

PR 2 NG5 S 40 2k BR ) T 2 B0, BE
BRI T Sl kAR A BR A T NC w20 B &F e i ik
FEJE, T L MAE 3 T8 NC NG R i i A2 e
AR, HUBE RUAEAE &l H 0 AUHY, R AR MAE il #5 XL
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B IR SN R 1.5 h Bl BT
SDWPHI SE ) 4.0 h ()™ & S W LVE 89 75 — Ff 05 3k
SE WLl RIS Rl 10 4.0 h, 7 TAF A R 1 HE 50K
B ) AERH X T B A B Bt 9 B A% L MAE A0 NC 2k
LIRS LA o
3.3 PLE %E
FIT PLE BU4SCAR I ASE200 A< UL, w5 i AE i 4
il NC i 20 1 PR A B 50 v 6T 8 {45 26 HGR 77
AE 787 F fih o DN 4y , EL R 0 0 AR 390 23 1 1 FA 2 30 B
W, R AEBCECR R o 20 B PLE A2 BUNRL A S
G HE R, WLEZE NG Fl RDX By AU 2
Kok A B 25 0 PLE k4 45 5 0 il B IR W
(1.5 h) 5 Hk NG C, ik e m A, S RAE PLE
TR, 7 G b g SDWP il & il B 7 W
(4.0 h) 40l NG C, (4 3% W 1, DL SDWP 12 il i
VWA S BSME K PLE YRRV W9 BB (B UL, 4%
A 3) B A WAE ap,, NG 20 5124 101, 1% |
99.7% ., 100.2% , 100. 7% . 99. 5%, C, 4 5l H
101.5% ,100.0% ,100.0% ,100.7% .99.3% ,
ApLe /Mp;
x100 % (3)

sowe/Mspwe
A, Ape VAgpwe 739172 PLE 5 SDWP 2 il £ 19 1l A
VAT R A S I TR R s My s Mg 53 I PLE
15 SDWP vk il & il RE VA W B FRFE 2, 80

B 1 25 BUBCR T R PLE 5 SDWP A2 HURLCR:
A, #R AR A M 52 4, Ui W] NG 7E 1500psi
(10342kPa) 100 “Cif %A B W4 B . X2H K
R AT LA NG (32 B R A SRR
45l ASE (7l i 2 B A 3% B AR R v, e & 5 R IR
WEAICER R, BT NG T AR SE 4, Ao
o NG i AR # 4 B 5 K848 NG £ 100 °Cn
PEERAA 10 min 2247, 22w A, B DL A %
Ao, CIA W W AT IEN] NG %A 4 (NG (1455
fift 7= 22 THFE C,) o

T3A R A IR R G 24 T AR A S, SRR
HE— 25 W sl AR R, A B ] SE FEHCIE 7 h A7)
RAEAEIUTE 42, W] LLKE /N KL K S 245 16 J5 ik 47 SE ¢
T, ] 48 T 5 8 L3 | = & A 2 SE AR LT
FEBYEF Rl —4E (4 h) o i PLE 22 3R] R A b 2
BLHEEHEAT AT, P R] DA I8, PLE B E FH - 1 76
R U 24 0 = ik 245 4 A, 2 U 1) 48 2 B T i
Fi—#rF M 1.5 h,

HEAREHE R PLE i s i FE M (29 1.5 h) Rl

Apye =A

St
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HHE 77 i B FH 2 Tk SE 15 FE I 30 h dfil 4% 3 B 8
(77 fb BAE o) —Fh AL L 2 SDWP 3L FERT 4 h) |, 4
SR RDX (335 0 1 A1, 4% 5K (3) TR AR BURCR ap,
4% 3k 100. 6%, 100. 0%, 99. 7%, 100. 3%,
100.9% ,100.3% , 7] LA i PLE 5 7™ & B8 L& 1Y
SE V& 25 WUSCRAHIR] , BB RE 25 U2 42 0 3% 2 IRy 4% M A4
0T LAl e K S ot ( Tk DR R SR AR
REef ) , — 4 F ke 1500psi (10342 kPa) 100 °C
%5 RDX g 1 AR 38, 58 & AN i NC, B3
24 A2 B B AW, BT LA PLE 3f 0] FH T4k 22 A2 BE 1 5
Gy F /A R K KE 2 (i PBX I NEPE #E i 57
2 HL

ML F A 5 25 S 0] L&, PLE T KK 25 0
F 2 B, ELAT G T T L 26 58 4 | 26 O ) 0 4 I
DA, B AR A7 b ik e T 348 K A 24 5 ot i Ak B4 v A7 A 1Y
5], {H ASE200 < HUAX 5 F 4 & 1 i /<0 3l H
SR FE AT I B AT AR B
3.4 ARERFEREREALEE

AR I B FE T AL UL AR DR P KO 2445 G5 2K B
D5 s ] A g T A0, AR B DA 13, % SR 4 26 19 5 A4
TR KR 2 R BT TH 26 BT 06 BT B ) R A7 S 4, 3
NS ILER 2. #5382 PTNRE S 3 W PBX HEZh R 5124
FRERHE TR 445 BT FH 08 2 B0 BT P 608 B[] 4 A A A A 51 (
3)o M2 FNE 3 Bynl & T 2K BUT 2 UAE (PLE MAE
ik A% 48 7% SE .SDWP FER A .

R2 AW P E

Table 2 Times required for different extraction methods h
sample UAE MAE PLE SE SDwp
PBX 0.5 - - 7.0 4.0
double-basegun propellant - 1.5 - 4.0 4.0
tri-base gun propellant - 1.5 - 4.0 4.0
small-size gun propellant - - 1.5 4.0 4.0
solidpropellant - - 1.5 30.0 4.0
30

25
20
15
10

5

t/h

0

PBX explosive

3 ORI AEBUS i B s e f)

Fig.3 Times required for different extraction methods

gun propellant solid propellant
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(3) MAE 1 T NG 73 T s # % W] ., BR
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(4) PLE Ay Heml LA NG B 45 % F1 53 i %k
RDX {9 fift A J1 AR 5, 3 15 22 B JOHE 25 48 i B9 A IR
AR (B AT A AR &

(5) UAE MAE \PLE # JjCH i B B PR T4 SE Y SE
% SDWP %
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Sample Pretreatment Techniques for the Chromatographic Analysis of Energetic Materials

JIA Lin, ZHANG Gao, ZHANG Lin-jun, ZHANG Dong-mei, DU Jiao-jiao, WANG Qiong, YANG Cai-ning, REN Chun-yan
(Xi'an Modern Chemistry Research Inst. , Xi'an 710065, China)

Abstract: When the explosive and propellant samples are analyzed by chromatography, firstly, the tested substances need to be
extracted into solvent from solid matrices. The time required for traditional pretreatment methods of explosive and propellant sam-
ples such as Soxhlet’s extraction (SE) method and solvent-dissolve-water-precipitation extraction (SDWP) method is too long,
which can not meet the needs of modern rapid detection. The extraction effect of some explosive and propellant samples by the ul-
trasound-assisted extraction (UAE), microwave-assisted extraction (MAE) and pressurized-liquid extraction (PLE) were examied.
Results show that MAE and PLE have to choose the extraction solvent, which can not dissolve nitrocellulose (NC), only dissolve
the tested substances. The extraction time of UAE, MAE and PLE is shorter than that of SE and SDWP. UAE is used to extract the
explosive and propellant samples with loose texture and without NC polymer as binder. The use of higher MAE temperature is lim-
ited due to volatile obviously after nitroglycerin (NG) heating under normal pressure, i. e. the effect of microwave is restricted,
the price ratio of extraction efficiency relative to expensive instrument is not high. PLE can restrain the volatilization and decompo-
sition of NG, having the very strong dissolution ability for the tested substances, including cyclotrimethylene trinitramine (RDX),
and the advantages of high extraction efficiency and wide application. Its shortcoming is that running cost is higher.

Key words: extraction; chromatography; nitroglycerin; nitrocellulose; cyclotrimethylene trinitramine (RDX)
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