60 BT LS IR 5, WU, £ XD R, S

XEHS:1006-9941(2019)01-0060-08

VitonPVA RS EFIZLR IRt R EEELGHERI N A

FTEVEERVRERLT BLE ON R tER L ERES
(1. k#¥FHEERATR¥RE, LE KK 030051; 2. LEAAEREIELATFREFS, UHE KE 030051)

OB PR R TR R 2 SR A R AICR DL 26 BUGEAR B (Viton) Y £ R LR WCR AR L 2R I (PVA) B KW K
AH, ik -80(Tween-80) Fl - — bt A B 1 (SDS) S & 4 FLAL T, Beit T —F“O/W” OK AL il ) BURS 25500 LW . SR JTT SPSS $4ls 73 Bt
BB T L5 (5°) IE S S, b L) 4 v 2% 20 0 10 &k AN ] L 23R4T TRk, I X MR A )5 A 5 SR UEAT 1 32 3R 30k, DLFLWK
B RS E M FRAR T A T FLIRA R E M o SRITIDG A B BT T FLR B O AE K o FUTIELIR A A A5 R &R ST SRS A AR S
{1025 %58 (CL-20) Sy 2 0K KE 24 e ) 2 7 20 00 24 9 28, Xk 2 Bk A7 7 B S BRI AL 0 #T . 25 R R W], Tween-80/SDS i 4 [ o4
122 FLACT o 2L BT ) Y T 20 20 2% KA AR B9 v 2 EE 21, BEEIE ] O 30 min (FLARIR B 20 °C B E
350 remin™, B FI T GERRRG 45 50 FL IO BRE | 8 1 0 Ak 52 90 2% 1 A 00 FLIBORS 5 R AR T RURRRE 29 360 ho FLI S ORI ) K
/N3 20~120 wm, S ARERE S TORA W A SR o T A KE 25l A 1 S A R34 2E B BTk B CL-20 R K 20 A5 A2 A W R R R OR

GBI MEZ) N AR IEZC T Viton/PVA ZICFLU B KG 45AR & s CL-20 R 2 B E B )

FESES: T)55 XHitRERD: A

DOI:10.11943/CJEM2018154

1 8l 5§

K 245 9 5 S — i ek J2 AR 25 ORG 45 50 A0S R 41
J AT T ROL L R 48 (MEMS) T 24 v R 3 2 24
FRTEE & W), AT S BRLME 24 256 25 TR AR A0 | Bl Ak, T L 4R
SR TAH GRS )2 R R R —
W MR R S AOORS 25 500, B2 M L AE 5 BE AR
G o LAFRARBE il o8 14 1 SR PR 235 K 2538 W B A B
14 BE TR 2 B A MLBRUREE B Y AR E T L R
(4 4 B AL 2 22 € 1k L 0 2A Pk BE R BL AR I T a7 1k
AE™ 0 2016 4F B2 e BT T PRl LIS B RS A
25 255 (CL-20) / AL / LR LW / [ A5
A A YR B N 24 i A R E TR AL L 24 A O R B

WKt AHEI: 2018-06-10; 1€ E HH: 2018-07-19

M 4 Hh B #: 2018-11-07

ESTE: a3 B BT R

EE B v ZET 5 (1992-) , U Wil 4, 3 5 A 3 6 R BE 44 1k 24 1F
%% . e-mail:598697685@qq.com

BIEBERAN: ©EMH(1980-) 9, #4232 2 )\ 53 AL 15 45 25 £ R 0F

5% . e-mail:anchongwei@yeah.net

SIAAN ATk,

i Al ) Ak V7 R K 20 v B 4R g KR 2 A BRI
it BRI T LR TR G A CL-20 J5 5 8RR
M TR TR AT i, SR KAy 2 . PVA R —Fh E
JCEE TCHE v AT A W R A 0K R LS Ay TR A
Yo FHOKE WA ARGF BOREHE 1 71, R B iz g
FRIVE FEME L SR rh A AR A N . 2005 4F, Brain
Fuchs 25" BiF il 1Y) — & %11 56 T CL-20 ) EDF (Explosive
Development Facility) it J5 , fie 2 153 5] 2% 1 P G #5847
A 5K B EDF-11(EC / PVA / H,0 / CL-20) it J7 , %
YE 25 BB B AT 3K 7150 m s, 2B B M S 18 R il 5
JEBE 20 86 wm, T B 38 [ 4 05 I H T 15 88 T 5 .
2013 4F 2K H 3 45 8 % PVA / H,O / & L4 4 &
(EC) / SN EE(IPA) I &R 45 FIK 5, DL CL-20
ERKEZy B RCKE 20 SR A AR I AL R R
54 0.54 mmx0.36 mm.

Zi L iR, Viton Fl PVA E AT I T 4E 25 2 1
RAFRT 5. A Viton F A% & SR T A TR, i
5K A AR HL P 5 X CL-20 #1475 K 0 15 k5
AU, K 22 Rl 45 50 AL & 19 & B 7 O FEAE .
55 D, 6 TR TR ALK 24 B ORG 45 70 A& R 2ok

TSR AR AR 5 AF L Viton/PVA RN 45 790 2L B T BOH TE KR 2450 A b i BT D). % BB AR, 2019, 27(1):60-67.

LI Qian-bing, AN Chong-wei,XU Chuan-hao,et al. Design of Viton/PVA Binder Emulsion and its Application in Explosives Ink[J]. Chinese Journal of Energetic Ma-

terials (Hanneng Cailiao),2019,27(1):60-67.

Chinese Journal of Energetic Materials, Vol.27, No.1, 2019 (60-67)

Sttt

www.energetic-materials.org.cn



Viton/PVA Rl 45 51 7L #Y BE i B2 A K 25 3 88 v 84 B

61

22 5L RURG 25 508 A 48 T, 78 M 24 0l 85 0 IE ] o
b ARG 25 R Z TR S AIR A KE 2T A AR B I
BB 43 WA 4 RO — B0, AR AT BE T BUKE 24 il A p R
JE PR L BT R A IS o PR, R K 2 i Y RS
SERVAR R Ut LAY BB S AT A5 R R 45 R R R
1RSS50 1 1) 0, DT 2 K 245 3 25 9 Bl AR 80 3R
SERTAIBF R IA Y LL Viton/PV A LI A RS 25 1K 2 1Y
CL-20 HE 29l 55 | 25 1 245 [& 5 5 88% Il 745 4% &
MG LS RS 1 mmX0.17mm, &3 K 8079 m-s™', H.
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IRV T = PRSI R I I A FLAR R B £ 20 min 5
B 20 g — % i 43 KU Viton ¥ 88 T 18 15 4 80 )
rF S IS TE] 42560 5 10~15 min, 137 356 A0 528 B 4k 22 4
P — Bt 8] J5 B 5 O/W B 2L, B Viton 9 £ 2 £, TR
VSR L /N VRO BT X4 BUTE PVA KIS R o 7L
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Fig.1 Preparation device and formation principle of emulsion

2 2 SCHRT T H D SPSS Bk B N & T K OF
L,s(5°) B IE IR I £ (£ 1), F R WK R (A) FL1k
& (B, %) Wiyn: W, (C) FiFEES ] (D, min) (FL
TR IR (E,°C) B HF B (F,r-min™) ) X 3L i B Fa
SE MRS . DL LV S R MR VE N AN R AR L T
SE 715N A FLEC ) 58 BT B I8 sk D BB 2~3 h
S —WEL RS, DLRL 343 2 O 3
BT W o B W LV R B bR o IE AQ S R 4 R
W2,

R FLURH] A 52 0 RR HUK TR

Table 1 Influence factors and levels of emulsion preparation
Influencing factors
levels
B C D E F

1 1:1 0.5 1:1.3 20 25 350

2 2:1 1.5 1:1 30 35 450

3 1:2 2.5 2:1 40 45 550

4 3:1 3.5 3:1 50 55 650

5 1:3 4.5 4:1 60 65 750

Note: A is the Tween-80/SDS mass ratio. B is the emulsifier content. C is the
the concentration ratio of water phase and oil phase. D is the stirring

time. E is the emulsifying temperature. F is the stirring speed.
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Table 2 L,;(5°) orthogonal experimental table and results

No. A B C D E F time of emulsion stabilization / h
1 3:1 3.5 3:1 40 65 350 100
2 3:1 1.5 4:1 20 35 650 144
3 2:1 2.5 3:1 20 45 450 110
4 1:2 3.5 4:1 60 25 450 180
5 1:3 3.5 2:1 20 55 750 139
6 1:3 0.5 1:1 40 35 450 60
7 1:2 4.5 1:1 20 65 550 117
8 2:1 3.5 1:1.3 30 35 550 40
9 3:1 0.5 2:1 60 45 550 84

10 1:1 0.5 1:1.3 20 25 350 60

11 1:3 2.5 1:1.3 60 65 650 20

12 3:1 4.5 1:1.3 50 55 450 30

13 1:2 1.5 1:1.3 40 45 750 35

14 1:1 4.5 3:1 60 35 750 91

15 1:1 2.5 4:1 40 55 550 144

16 3:1 2.5 1:1 30 25 750 112

17 1:3 4.5 4:1 30 45 350 160

18 2:1 4.5 2:1 40 25 650 192

19 1:1 1.5 2:1 30 65 450 153

20 1:2 2.5 2:1 50 35 350 180

21 1:3 1.5 3:1 50 25 550 192

22 2:1 1.5 1:1 60 55 350 104

23 2:1 0.5 4:1 50 65 750 140

24 1:2 0.5 3:1 30 55 650 156

25 1:1 3.5 1:1 50 45 650 120

23 IAMBLEEMELRE
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30 EXRKBEERNTESN
FIHT SPSS # A Analyze S B (1) J5 22 43 A B ke
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Table 3 Variance analysis of orthogonal experimental design

sum of mean o )
source df F-statistic sig.

squares square
corrected

114794.0" 20 5739.700 63.115 0.001
Model
intercept 439834.2 1 439834.2 4836.5 0.000
A 9655.760 4 2413.940 26.544 0.004
B 5846.160 4 1461.540 16.071 0.010
C 80987.76 4 20246.94 222.64 0.000
D 6829.360 4 1707.340 18.774 0.007
E 11474.96 4 2868.740 31.545 0.003
error 363.760 4 90.940
total 554992.0 25
corrected

115157.760 24
total

Note: 1)R*=0.997 (adjusted R?=0.981).
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| -

r
I

|
I

1
|

|
I

|
I

|

v
I
I
|
I
I

L L n L
113 11 21 31 41 20min -~ 30min  40min 50 min 60 min
emulsifying temperature stirring speed

y—1—v,’\|

estimated marginal mean of the existence time /h

55°C ~ 65°C  350rmin’ 450rmin"550r-min” 650r-min” 750r-min”

B2 45 PR3 LA 2 A7 T I 8] FY) 52 1

20°C  35°C | 45C

Fig.2 Effects of various factors on the existence time of emul-

sion stability
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3.3.1 Tween-80/SDS/HELL(R,,)

Oy MrIE 2 AT, SR AR 102 B X 4k
FLR RS E AEAE M RO S T Ryl 301 I, 4E 4R
FLI A E RO i 25 . X WAF & FL AR E P13 SDS
YR EE M FLALF]  Tween-80 $24E B Ay Fa E/E
A B 1 22 10 35 PE ] (Tween-80) Ay 2 7 &8 73 1 152 58 7
B R ME PE R (SDS) B9 IE HL A FE M1 Z 0], 4 Ry R
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IR T E LR A o R, b FLAL R
T LA 3 T W RE i W ) AT L FLRORE - 2 AR 2
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JE KL~ 22 18] 1 2 [] o7 BEL 0 i H s 0 O, L WRRR A 4
7 AR LA R B R B — E (E )R A FLAR R
Pk e DT RN K 3 2 Hy T L AR R 43 R LR T
P R B S AR RTOBR A, A T B R R S5 AIK  Z
Iy — 77 T, Bl A FLWRRURS 25 0K & rh 2L R B A Y
2, o3 5 OB Y KE 24 9 85 b 32 AR KR 24 0 [ R
AR, DA 5 e K 2 A R R R RE . iRl 2 nT, FL
A3 2 DA 1.5% 39 K 5 2.5% , FLK Y 8 Fa o e
MW EI s, Bk, ZLALR & & 2% B A R
HEFF AL R o
3.3.3 KESHBENREL (W, W)

h 2% ZLUE W PVA I Viton B4 5t 43 B0 RS 1Y
S 43 3] C 1 7S RS W] R EE £ PVA K % WCRT Viton
W) TR TR, R BE T 4 S0 A o i 26 B, 445
WE 3 s, HE 3 B E PVA FI Viton T & 55 4K
48 B0, PVA JK ¥ W F Viton B 20 TR 2. TR 75 W 1 2 B
o, B BG4 T VR B A T 6% IF T VR Y B
#B/NTF 200 mPa-s. MU R T 8% B, PR A
K FE B PVA Fl Viton JBt % 43 500 35 O T 1 A e, =
T Viton 1 £ R £ T8 7 W1 Z BE 5 PV A ZK I TR RS B
R AR

TR 2 AT AT, 2 Wyt W, BT 37 386 K, 7L
F AR M Bl B KRB — e TS
B 5 TE 6 0N o 32 PR A KRR G RE ae e T I AR B 52
M L V8 AR R 2 T 7L A ) 9 43 1, DA T BRI LR A R
Mo M Wt W B T 1.3 121 B 309 a7 250 R
X EAEE 3TN, Y W W, B 113 F11:1 1,
PVA B K I R JE M 12% , 111 Viton [ 2R £ T8 1 Tk
£ 15.6% Fil12% , G EE 53 HIOR 04 286 88 38 K T i 22 A0
I B FLR IR R EARE N . Y Wt W N
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2:1~3: 1 I, AEFFFLBAR 2 OO = M. O TR
e K 2 0 AR A I B R IER  E BE R Wouat Wo,
D21 I B RE S AT ) M R v K 24 3 25 T L ORORS &5
TR 2 Viton 19 5T i 73 B, SCRE G 4 55 3L R
EME

1400
120001 —=—PVA
—e— Viton
» 1000
©
< 800
= 6004
400+
200+
0_
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content / %
B3 PVAI Viton i f 53 B0 K 15 19 52 1
Fig.3 Effect of mass fraction of PVA and Viton on viscosity

3.3.4 R E

FH P& 2 AT BB R 30~50 min B A5 F T L
W RS E AEAE o S P B[] 4k 22 16 K, ZLIRAS 2 A7
T (4 B )28 W s /b o 3] e DR SR R A ] R 30 min
I, Viton 1Y 22 £ T 3 WAE FLAL T B9 4E T 208 i
JINEI T 43 HUTE PVA B K B W, >4 I [8] 35 R 3] —
B 5, Ak 2 PE 23 B © T8 ML) FLIROR , 5 BUFL Y
e HEREAL . L, B FE s E R 30 min, BEA AT 4k
el W R B AR .
335 FLULBRE

F Pl 2 W FLR Y RS M B L AR R Y
T 2 B A g/ () J 1 K (MG 418 ) . X2
PR] Ay 31 AF RS 45 750 19 95 390 TR & T M I ik i v 1, Bl
B TR, TR SR B b, 5 SO R (Y b R v
KL FLM R SE PEFRAR . 17 45 °CJ5 FLIK 09 Fa e 1k 5 P 22
P 1 3 1 A, 3K AT g SR R R B RS B0 e L AR R

MG KA R T — & B DR RRE.
B U, e A 9 FL AR TR B R 20 °C
3.3.6 HIHEE

H T 2 AT T 5 ) R L YRR A A AR I (R] Y
M) R85 Fe /0N, L 2 40 1 B 1) R 2 R L VR A
FE RIS IS I S o BRI b Bl 25 458 P B A 14
3 IO B4 YR B /N | A R R L R R L RS
BRI A R AN 1 2, I DR TT B 2 B o 0 0 A B
VAR () B0 B2 B A it A 15, AR % dl AR A BL IS R
LR ORI K e bl A 1 2 S BOM AR R,
T AN F 4 47 2L W i A e Pk o TRk, g ) 40 o ok
4350 r-min”',

BT UL AT g0, KE 24590 8 Viton/PVA K 45
T LRI e AR L S5 Ry 122, AR 5 5 ol
2% , Woyat Woon 8 201 B FERT [E] 7 30 min, LAk IR
920 °C, i FEHE Ky 350 r-min',

3.4 WIESRL

o O R RN AL R e AR E I —Fh
D5 9, AE B v A G R 0 — B R UL SR SR 15 4y
J2 5 I W L R M o LV T B O AR E T B Tk
T A KRR - 22 ) Y R 2 S, A R T A IR
5 B DR LR BT 0 BRUE R N S — T TR
F e T FLAR AR R R e M RE . A AL TR L5 Y B0
FasE PEINRZE SR LK 4,

H1 2 4 0] LAt OE 32 5256 08 b 10 45 S e % A 2
WA RN B EREN, HEA - SN EoBRE
PERE. MSZERAH 1.2 13 4T IFE W, FLALF A1 £,
FL I R B IR 25 0 R K. BEFE RS [E] BT 30 min
H 2] 50 min, B8 P B 350 - minT' 34 in 2]
650 remin”, 4EFFFLI B RRE BORAN W3 L S ESE 5
HFRBT, IR IE A TG 19 43 B 45 A0 ) 5 o e 1 FL iR
RURG 25 R A R LA HE A8 EH .

x4 SHREMAE R RIES 4]
Table 4 Validated experimental group after optimization of factors
No. A B C D E F results
1 1:2 2 40 g 12%PVA 30 20 350 centrifugal stability stable existence for 360 h
20 g 6% Viton
2 1:2 4.5 40 g 12%PVA 30 20 350 centrifugal stability Stable existence for 300 h
20 g 6%Viton
3 1:2 2 40 g 12%PVA 30 20 350 centrifugal stability Stable existence for 350 h
20 g 4% Viton
4 1:2 4.5 40 g 12%PVA 50 20 650 centrifugal stability stable existence for 330 h
20 g 6% Viton
Chinese Journal of Energetic Materials, Vol.27, No.1, 2019 (60—67) & He A A www.energetic—materials.org.cn
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3.5 ABERABWERAE

LS IE S 56 4 1 rp (i FLBCH RE S O B R
FanE 4 Bt o B4 ] 2L &R A BT Y
KWK 20~120 wm, ZEZLI T 40 AR 5535 20, J6 B & 1A
B WEAMWEBNTREY . X —HEEW ETH
I TR £ W Vs VB, % A oK i B © AR TE — R
e TR ¢ 11| s e R . TR L 1 o e e RN SR T 8
H5CMOTREW B M Ni#eTHFoma
it 1 7K A7 7 — 72 1 5% 2 T 2L Viton F1 PVA #T
FEARUUE o A H T 43 80U R AR A A S B
ANF)F YR L AR, X T R R R BOZ ALK R
FE 1% o 5 A7 E — 5 1 B[R] I AN A < 0 o A7 A 1

of ° o
] e eo usum o °
. S -
e N
o o ° |
i ,,:> 88ym
S m}“ 0 0 S

B4 FLW(No.1)RY 6 B A
Fig.4 Optical micrographs of emulsion for No.1
3.6 Viton/PVA #4557 3L i 75 *E 25 it 2 19 B2 R AT3R
3.6.1 HEEEERHSMH

ARG SCHR L 11 ] rb o 24 3l 25 A I5E 1 D7 35 A LS T
S AR TE SR AL i FLIRCR R 45 R BRE 20 4L
9 FROK 9% CL-20 Sy E AR K2 60 ] [ 35 58 2 90% Y
KEZG 28, JF X e KR 2 SR ) LS = i A
MBI B 6065 K 2530 28 55 DURUE 30 SRR R
gt b, B S A A RN 5 fros o i I 5 R,

aluminium substrate

a. glass substrate b.
5 JEZyilAs HE R AL A
Fig.5 Optical photographs of direct writing pattern of explo-

sive ink
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T KE 24 7 55 B 0% 7E B B SEAR N AR AR L HET T e B S
S TR B AT AT A M A B ] 5 (R AR e 24 9 B
RARMAFAEL WM P S & 5a( 3% 55 348 h
JUE R A AR T HE R E LINHCE S A,
R BRI A BRI T Y 3 S AR AT, T R R A R 1 7 R
ZR R DA {0 9k 55 £ 4% ph T 1) N 8 35 I DR B
FESEAR b, X — B ARG R T SCik [ 11 ] R K 24T
A5 [ Ak AL J5 3R TELAE 7E 20 G0 FL IR T P S 0 U 56
FIHBAILE . 5 —F 2 EL M BN EHE LY
S 0.65 mm HEEEALE 2 cmx2 cm /N R SF &4 F i
W 1 A3 5 AT A i IR 58, R WD K 2 il B HA ]
T MEMS K T (1) B 4 i 5% o
3.6.2 WEHH

R T M E CL-20 FEHE 253l B8 Hh CL-20 A & 78 2 5
e AL X 2 A S AR IR CL-20 35K 4 Ak
CL-20 J¢ CL-20 FE 4 2570 85 3£ 17 XRD 43 #7 , 43 B 45
mE e frw. MWK 6 d Al LLA HJEE CL-20. 40 1k
CL-20 J¢ CL-20 ¥E 24 1 58 1 3= 22 i1 58 W 1 o7 & #8 hy
12.6°,13.8°f130.3°, 545 #E PDF £ (00-050-2045 ) 3
AR, 2 TR K 24 B L RRG 25 Rk &
VB R 43 O A I8 B 13 59 R TR R T 5 CL-20
RS SRR R AR DT AR E T KR 25 7 2R
R — B0k

CL-20 based composite

ball milling CL-20

intensity

raw &-CL-20

i t .
10 20 30 40 50
20/ (°)

B 6 J5k CL-20.BREE4N{L CL-20 K CL-20 548 & 4 B XRD

P %

Fig.6 XRD patterns for raw CL-20, refining CL-20 by ball mill-
ing and CL-20 based composite
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Design of Viton/PVA Binder Emulsion and its Application in Explosives Ink

LI Qian-bing', AN Chong-wei'’, XU Chuan-hao', GUO Hao', WANG Shuang', LIU Bin', YE Bao-yun', WANG Jing-yu'
(1. School of Environmental and Safety Engineering , North University of China, Taiyuan 030051, China; 2. Shanxi Engineering Technology Research Center
Jor Ulirafine Powder, Taiyuan 030051, China)

Abstract: To further improve the forming effect of suspended explosive ink, a kind of “O/W” type binder emulsion was designed
by using ethyl acetate solution of type 26 fluoroelastomer (Viton) as oil phase, aqueous solution of polyvinyl alcohol (PVA) as
water phase, Tween-80 and sodium dodecyl sulfate (SDS) as surfactants. The orthogonal design of L,;(5°) was designed by SPSS
data analysis software. The content of each component and preparation process in emulsion were optimized. The analyzed and
optimized results were verified by experiments, and the stability of emulsion was evaluated by the static stability of emulsion as
index. The microstructure of emulsion was measured by optical microscope. The suspended explosive ink was prepared using
emulsion as binder system, hexanitrohexaazaisowurtzitane (CL-20) as the body explosive. The direct writing pattern and crystal
type of the explosive ink were analyzed. The results show that the mass ratio of Tween-80/SDS is 1:2, The mass fraction of an
emulsifier (the total mass of the emulsion) is 2%, the concentration ratio of water phase to oil phase is 2: 1, the stirring time is
30 min, the emulsifying temperature is 20 °C and the stirring speed is 350 rpm, are more conducive to maintaining the stability
of binder emulsion. The emulsion binder system prepared by optimized experimental conditions can be stable about 360 h. The
size of dispersed phase droplet in the emulsion is 20-120 pm, the distribution is uniform and there is no obvious agglomeration
phenomenon. The prepared explosive ink writes smoothly without blocking the direct writing needle and the crystal type of
CL-20 in explosive ink composite has no change.

Key words: explosive ink;orthogonal design; Viton/PVA binary emulsion binder system ; hexanitrohexaazaisowurtzitane (CL-20)
based explosive ink composite
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