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Study on the Influence of Double-base Propellant Ingredients and Screw-extrusion Processing Parameters
on CL-20 Crystal Phase
ZHENG Wei', WU Zong-kai', CHEN Zhi-qun', CHENG Jun-bo!, LIU Yong? ,WANG Jiang-ning'
(1. Xi’an Modern Chemistry Research Institute, Xi’an, 710065; 2. Yibin North Chuan'an Chemical Co. Ltd., Yibin, 644219)

Abstract : In order to clarify whether CL-20 crystal phase transition may happen in screw-extrusion process of the
propellant, Fourier transform Raman (FTR) spectroscopy was used to characterize CL-20 crystal phase, then the effects of
double-base propellant ingredients and screw-extrusion process parameters on CL-20 crystal phase were experimentally studied.
The results show that the e-CL-20 crystal phase has not transformed after the mixtures of CL-20 and N-nitro-digydroxyethyl-
amiedinitrate (DINA), diethylphthalate (DEP) or triacetin(TA) heated in 60°C water for 1h, but transformed into a-CL-20 in 80°C
water. The CL-20 crystal phase has not transformed after the mixtures of CL-20 and double-base binder, lead benzoate or copper
salicylate heated whether in 60°C or 80°C water for 1h. Meanwhile, no crystal phase transition in CL-20 is observed during the
screw-extrusion process (absorption, calendering and press stretching).
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1.1 WEHEHFIAS S oL-20 R AYHESEHIE

REHEH I /- AER G . BESERI Rk it
Fl, HrhE4700 NC. NG H N,N-—HIE-N,N-— 2
IRIR-A Y, B 50 A 54.0% . 45.2%F1
0.8%, iS4 NC+NG; H¥IFIHE IR L BRf
e (DINA), —ZBRHMMR (TA), SBEZHR—C
fii (DEP); fABeffb A A5 R — HERE (©-Pb) il
KGR (S-Cu)o A3AMERRGT. HEUEF . Bhbefi
B35 CL-20 $effif kL 10g = 10g 1A, FIRKERAET .
DINA 5 CL-20 #%JFi kb 10g : 10g : 10g R4, 434
JMAZ] 120g /K IR, FHETFRIIA 60°CEY,
80°C/KIEHFE 1h, SRFHUHAATAR, FREZE 20 ~
25°CIRUEH, 9354 CL-20 RYIRSYIFES
1.2 FTR Ji&R4E CL-20 @AY

KA RENISHAW 23 A 19 inVia RIBOEIL R A2 B
TR 2 RSN CL-20 JFURHFNIR A 0FE G ) FTR
S, MRS FTR DGR RRIEWEAINNE 597 CL-20
AR, IR SEANTT . WO 785nm, MHAHOE
AEfE 25mW, BROEIE] Is, 208K lem?!, FHEL

43k, MEREREIER 2 000 ~ 150em!, JHRAX A 1pm
FoAT FAFERRAR 204 1, B S BB AR T 300um,

X CL-20 fn i &A= 5 8 IR S I FE i, SR
SETARAM /A ] AY C-80 7 Calvet fiiit BV SR HA
Pmh e, FIWOLRIEARREE ST
AR 12.5mL, EHUEEE 0.1%, fn#aEAR 0.2°C
/min, CL-20 JFUBHE Sh ik S0mg, TRG YIRS
100 mg.
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BT 208 & CL-20 PBCH BUEEHEER 24T . 18
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WG R A T EA BHE AR A B —E T2 5%
PR BOR AR KR4l ar (it 50kg)
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H o FRAE T 25 b oK RS AR 2 DR S
PR B R AT R R . W 2505 PP RHE R
fATTRLEE A 90 ~ 95°C | ARAE M D360mm [ 74 R AEHL
T, AR RZPRIZT) Smmx SmmxSmm.
FEAR T2 B2 SR T i 2 2R W8 TR AT R il e
PERIZERERI R . SR D90mm () ST PRI H LR
JE 60 ~ 80°CHYZRiHE H A ME 43mm ., NAE 8mm
[z 2 IRIRITST 3 A T2 ot B CL-20
RIS AR
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Fig.1 FTR spectra for original CL-20 and CL-20 heated at

80°C water for 1h
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Tab.1 CL-20 polymorphs characterized at different

temperatures in the variety of mixtures

FEN CL-20 f %! 7/°C
CL-20/DINA € 60
CL-20/DEP € 60
CL-20/TA g 60
CL-20/DINA a 80
CL-20/DEP a 80
CL-20/TA a 80
CL-20/35571 € 60
CL-20/35571 € 80
CL-20/DINAZH A € 60
CL-20/DINA/ZEE 7 12¢, 8a 80
CL-20/®-Pb € 80
CL-20/S-Cu € 80

H# 1 ATHL, CL-20 5HEFIIE-SYITE 60°CHI
80°C/KH I 1h Ji5 , CL-20 ¥4 & A= il AUEE7E . CL-20
5 @ -Pb 5 S-Cu HIE-AYITE 80°CIKHm#K 1h J5,
CL-20 ¥R KA a1 7E . CL-20 5 DINA | TA . DEP
HIREYITE 60°CIKFF AN Th )5, CL-20 A& Al
BEAR s TAE 80°C/KHIIA 1h J5, CL-20 fefh 4l
A o, T CL-20 JFURHE 80°C/K H oA & A: i
RUEAR | I AT A2 DINA | TA . DEP 534545
PIFELEM CL-20 KA T b GG AR . X S LU
DINA. TA. DEP S5#&5WE A5, CL-20 AW
rn TR (B AR R A2 AR, TR P ) A AR K R
TR A BRAZ A K 2 AR, VR A A g
HPET 50, ML S B SR R T 2 R ) Al

. EAMERIITEETHe-CL-20 &AL AL AR 1)
Il FHRLEE A (64£1)°C B4, (AL, 7E 80°C HAIRFFIAT
TEMIZET, CL-20 KA VA8 A - 1 60°C
RIS AR MG GG, U] 60°CoR1F T ertZta
SEAFTERIN ] 2200 1he,
2.2.2 DINAMEA T CL-20 69 A 461

DL DINA {E SRR3R, 72X CL-20 4% fh
5N . CL-20/DINA {573 5I1E 60°CHI 80°C/KH?
J#A 1h J5 % FTR SGEE 2 Bos. ik 2 7%, 78
60°C/KHH 1h J5, CL-20/DINA JEA&#) 20 MMREE
S5 FTR JEIEH7E 820em {7 BANA V18 Tedt AR
FEEI ; 7 80°C/KH I 1h )&, 20 ANAFEA A FTR
EIEIITE 842em! 13 EALA & Tafh U RFIEIE
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Fig2 FTR spectra for CL-20 in the mixture of CL-20/DINA
heated at different temperatures for 1h
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I A 52.4°C A0 1 AN aREL I g, AR
DINA AL FE s 7E 74.9°CREE 1 MM il
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Fig.3 Calvet microcalorimeter curve of original CL-20
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Fig4 Calvet microcalorimeter curve of CL-20/DINA
mixtures

2.2.3 CL-20/DINA/ZEA-F) i84A-4 449 FTR i

CL-20/DINA/ZH A FITR A WIAE 60°CHI 80°C/K H
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Fig.5 FTR spectra of CL-20/DINA/NC+NG mixture heated

at different temperatures for 1h

H&l 5 AT%1, CL-20/DINA/ZHAFITRAYITE 60°C
IKFIIE Th )5, 20 AN S FTROGIESAE 820cm!
BN H)E Temt BRI FHIEIE; 78 80°COKHHINAA 1h
Ji s 20 MERE R A 8 AN ASTE 842em ! (i AL
)& Tt BRI, A 12 MRAESTE 820em ! 7
BAMT VR Tefb B AR ENs , (AT CL-20 K 2E
Fm R D R AT B2 NC 43 (R BH R U/ T DINA
1 CL-20 Z Al il L%

2.3 I EidiExt cL-20 ZBANE MR
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Tab.2 The selected formulations used for manufacturing the

propellant grains
Hor NC NG CL20  ®-PbAIS-Cu  HE
w/% 37.0~43.0 265~32.5 25.0~30.0 2.0~5.0 2.0~4.0

El6 & CL-20 B WA HERE I Z54E
Fig.6 Grains of propellants containing CL-20
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Tab.3 Characterization results of CL-20 polymorphs in the

process
TZ2%ot IR/ °C RE SR ] /b CL-20 {5
Wz 60 ~ 65 1.5 £
JRHE 90 ~95 1.0 €
JEff 90 ~95 1.0 €

7 HEHAFIZSHE PR CL-20 @IATER (AEE: 51
Fig.7 Crystal morphology of CL-20 in grains of propellants
(Magnification:5X )
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