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F2311 TPU A7 sk J1ilik; H H A HITACHI A ]
[ TM-1000 747148 i 2 B8 ( SEM) XL B RE 5t 1192
FIHEAT L% ; 2R 1 Thermo VG250 X I k01 B F BE i
ACOXPS) %4 2 Wi J5 B i 1 26 181 T R & AT 20 AT
AP J Ho A A ) HUARURR ) 3% 8 GJB 77241997
(7 V5 53 AR PEFR R AR (52 3 25 Ay 90° 43 4,25 mg
24t ,3.92 MPa) i o J B A (5250 21 10 kg 7%
VR 25 cm 50 mg 24 ) Bl BRI 02
BRI 4% GJB 772A-1997 () )73k 602. 1 i 17
(LB 551y 66°12 1,20 mg 24 ,2.45 MPa, 2 Jv H
%6 mm JE(0.55+0.05) mm, &4 25 k),
2.3 BEFE

SRS ] i J7 % AP R AT A0 256, il A
FEdh AP-O ~ AP-4 5 FF 5 SO AL 7 AW ER 1, o e i
AP-1 J24E—FhIE KA BT (Novec 7200 ) Hh s P 43 81 11,
AP Gyl T K AR A BEAE AP A W b i 47 o

&1 AP JLA BT X

Table 1 Coating modes of AP

sample coating agent coating methods

AP-0 - un-coated

AP-1 2% wax coating in non-aqueous media"’

AP-2 2% wax coating in saturated solution

AP-3 2% TPU coating in saturated solution

AP-4 1% wax+1%TPU  coating in saturated solution
Note: 1) non-aqueous media is Novec 7200.

3 HR5WiE

3.1 APHIEEAMNKREEANE

AP F T B i )2, 8 5 SR 0 Bl % i 1R
AP @A, — M LG R RS ik R s bR
S>0 M4 B % HEAT R, S B 2 o 4 Rk B
U5 oA I F I REE AR T AP [0 3R i g, {0 5
FFN AP 22 (1] B 2 RS BEE 2 (W) T AR X 48 /N 1
R ST (ry), 3 2 A 2 e A A B R
07 A T LLIEAT

R STk 5 9 2 48 = Rl iR 78 AP wax Jt
TPU 25 £ 0 [5] 1 22 T Fr 322 M, 3590 4% 1 1A i
RWRE, 2R3 2. HSCHk (5] /it mam
AP 5 61 BB R PR S 5002 3

2% 3 A4, 1757 wax SA J F2311 . TPU & 5
AP 15 RIS OB T 2250 S B R T 05 46 2 B B =
B L4 4 ) 11 5 1T BB 2 MK F AL R AP (1 32
T RE N EE TS AP =2 ] f o B o A5 K, T 5T K
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BN PR X S 0 B R R AL B AP R4, AT
T ,wax 5 AP [ Bt i fE F Bk, wax XF AP i Al BE
4 ,F2311 SA Rz, TPU 5 AP 91/ A& 59 .

R2 AP LK EA LAY 0 AE

Table 2 Surface energies of coating agents and AP mN - m™
materials r ! r
AP 179.67 0.84 180.65
TPU 34.6 2.25 36.85
F2311 31.36 2.72 34.08
Wax 29.31 1.38 30.69
SA 33.70 3.10 36.80

Note: rR, disperive contribution of surface energy. rd, polar contribution of

surface energy. r, surface energy.

R3 AP SEEBR R W AET

Table 3 Interfacial interaction parameters for AP and coating
agents
interface r, Wi, S
AP/TPU 56.92 160.58 86.88
AP/SA 58.46 158.99 85.39
AP/F2311 61.44 153.29 85.13
AP/Wax 63.91 147.43 79.94

Note: r;,,interface energy between AP and additive. W,,,adhesive work be-

tween AP and additive. S, spread coefficient.

3.2 AP5EEMBEEERNRERKEBENRE
3.2.1 XPS FR1E

FF XPS, MR T LR 8 AP FF 1 B R
ZERANE T TR

BT AT E 1 AP B S TERE wax 5 TPU )5
HART R NTs i ¥y 52O [l B BE R B, Y 0 3 58 & i
NTs [ 2R I LA 2, U0 AP-1 . 45K 5 2 1 98 4 ot
B R T 4 B R 25 A L2 4, R SR R N
JE o A KO AR AR BT DAPE A A B S

F 4 5L FEAE KA B wax AL 1 FE S
(AP-1) A B ROR S, RN N JT R & & i A B
1910.82% FRER1.17% 5 7E AP (1R FI K 75 1K R
Fl wax f B EE b (AP-2) J wax+TPU 21 4 4, 8 1 B
i CAP-4) (i 4 7 0 S A X B 05 (H B ) TPU (U 7
AP IR (AP-3 ), oA B i) 20 SR R BEAR . [ R A
wax AL B AR, 1 10 K P R R B £ 7 kR ek
FAEAE KA A ] (Novece 7200) H i) fu B4R, 5
PRI AT BB S 2 A 0 Y 2 T8 5K 0 AR K 6F AP BORE L AT
g R BRI R AP R A
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Fig.1 XPS spectra of pure AP and coated AP
R A BT AP BE S F G T % B4 HOW A BB e

Table 4  Elements content on the surface of pure AP and
coated samples %

sample Cl2p Cls Ols N1s

AP-0 11.56 31.76 42.96 10.82

AP-1 1.71 92.32 4.18 1.17

AP-2 4.07 80.63 11.45 3.27

AP-3 11.53 38.79 37.73 10.07

AP-4 4.18 80.19 11.55 3.74

3.2.2 SEM R1E

Bl 2 AP {0 BT RS M RE &L SEM [ i 2 n]
L, ARAE AP-0 KA EH, UK 57 AR B IR
KA BRI AP R & T — 2 8%, WUk
A SABGIMEFA K T wax /140 550 1 62 81 %%
B (AP-1 AP-2) BURLRE A [ 34, 2 W60 B0 500 12
FRUBT H I BEDURR B 72 AP 21T, X AP JE BUA A 3K
AL o ] TPU A6 BRI, A il 5 8 B A UKL RS
BRI, AT TPU R BERY AP-3 KE i B8R 8022,
MR TPU 5 wax 25 ELBLY AP-4 i, AL 8L
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3.2.3 BEBMRRIE
A1 GIB772A-1997 J7 i 601.1 H1 602. 1 Ji i 5
PR il PO BILARRRBE , 25 R L3R 5

R5  WHEATG AP FES BT

Table 5 Mechanical sensitivity of pure AP and coated AP
samples

sample impact sensitivity /% friction sensitivity /%

AP-0 100 100

AP-1 0 0

AP-2 4 8

AP-3 56 44

AP-4 4 24

S AT, I wax GLBE AP (YRR i 2 B Y
Fif SRR, , B B IS 1) A1 Jo 22 S 0of 0 B2 58 R R R EE B
AR, BEdh AP-1(CIEK A BT, 2% wax L8 ) 19 $ il
SRR TN EE S S 24 il 100% [ 28 0% 5 A b AP-2 (1
FIK WL BE ) |, 13 oy R thy 100% T R 21 4% , B8 45
SR 1 100% B2 8% o dy b AT WL, 72 AR K A 5 A
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HE— 20 N RER 4% , T R 45 0k KE AL 2K bl 44 % i — 2P [
fRF) 24% , KW R A TPU A1 wax & & 4 Bt 52

X500 200 um
a. AP-0
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2 IR i TR A

Fig.2 SEM photoes of different coated AP samples
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GJB772A-1997 Ky J5 % 601. 3 347 Mok (3 AF il &
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M 6t B EE AT LAE 56 3 A R RDX-2 18
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(5655 M) 1 Hoo Bl B (i AIK (44.7 cm) KRB AP
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B, O, MR, ST, Bl R

R 6 AP 52y RDX AL ] 4 AH HREA 2500

Table 6 Coupling effect between RDX, Al and uncoated or
coated AP

No. composition Hso/cm

1 pure AP 21.2

2 AP/wax(98/2)" 72.2

3 RDX/wax(98/2) 81.8

4 RDX-2% /AP(50/50) 16.8

5 RDX-2/AP-1(50/50) 44.7

6 AP-1 /AI(50/50) 112.2

Note: 1) The data in these brackets are mass fraction. 2) RDX-2 is RDX coa-

ted with wax (RDX/wax98/2).

AN, N 6 Bl R, 5% 6 HAEM 1Y Hy {5k
112.2 cm  RHAAH AP FEE G5 Al KBy A FEAE
5 B EE R G AR .

3.4 GEMRAPERIPBX A

L [ B VE B 7 AFX-757 (RDX/AI/AP/
HTPB=25/30/33/12) A %F 4, 43 5l % & £ 2 1Y I
B AP-0 54 8 % AP-1 il & 12Uke , 172 2 v re ik
5. SR GIB772A-1997 J5 ik 601. 2 48 1k HE 21k
X BETE Ly B 245 e AT T R IR R N L gk, 2 SR
R 7, SRIG XA AFX-757 Te 5 #EAT 118 8 X L ik
B AR50 R AR THR , R 3 °C - min™' I A
FEEG TR 3 2m, 2UFE RSF @60 mmx120 mm, 155 %
W2 R EERINET KA 3,

R7 AP/GLEL AP il 55 15 AFX-757 2 i JBE f5¢ Je 32 18 ik
SRS
Table 7  Friction sensitivity and slow cook-off of AFX-757

explosives with uncoated or coated AP

slow cook-off

friction

raw e ignition ) ) .
. sensitivit -to-
mmaterials ! y temperature time-to explosive  explosive
/% /min leftover
/°C
189 54 . -
AP-0 8 little explosive
201 60 left
215 73 i
AP-1 0 lots of explosive
209 69 left

M7 AT U A R A B B JORE AP-O, T AL
BIRE UG B AP-1 1 % 1905 AFX-757 BLT5 25 7 I B2
RIE BB . G RS SR 25 SRR AR, RS TR AP il
F ) AFX-757 K i (918 05 | S 9 1% 55 MIL-STD-
2105 BB CRRBE ) , (E S8 A9 201 R &, T 42
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BRI AP 10 P T7 B A5 0 3 L OR AL BT AP B IRC TS
SRR 17 °C KA I E] G0 14 ming T LA B Y 24 B
WL, N2 et A R

b. composite explosive using coated AP-1
3 PR AP ¥ AFX-757 18 5 05 25 R
Fig.3 Leftover of AFX-757 with uncoated or coated AP in

slow cook-off test
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RO, AT TS R4 0 Bl SRR IR EE [ 0%

(2) % ALF AP 5425 RDX [A] 4775 AH 5.5 i 1
FH, T o P RO 4 A Y O ok A B RS T, LA
S BR VR 25 5 AR e 22 ) i R 5 1

(3) BLBIREE AP AT R TIL 5 1 % = VERE . 5
BRI AP N T T XE 25 B0 I 7 AFX-757 Ja , HEE 45
JEBE R 82% P ZE 0% 18 3 45 49K 12X 30 1 9% el U EE
17 °C W a3 14 min,
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Desensitizing Technology of AP by Coating and its Application

LI Yu-bin, HUANG Hui, PAN Li-ping, ZHANG Jian-hu, LI Jing-shan, ZHENG Bao-hui
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The desensitizing technology of ammonium perchlorate (AP) was studied by coated with wax or themoplastic polyure-
thane(TPU) as insensitive coating desensitizer. The feasibility study of AP coated by wax and TPU were proved through surface in-
teraction. The coated samples were characterized by using SEM and XPS, and the mechanical sensitivity of AP samples before and
after coating was measured and compared. The coupling relations between AP and explosive RDX were studied and the applica-
tion of coated AP in typical cast PBX was investigated. Results show that AP may be entirely coated by wax and TPU, and the im-
pact and friction sensitivity of AP coated by wax decrease significantly from 100% to 4% , from 100% to 24% , respectively. It in-
dicates that AP is coated more entirely in non-aqueous media( Novec 7200 ) than in saturated water solution and the coated AP is
insensitive which the impact and friction sensitivity fall to 0% . There are strong coupling relations between oxidizer AP and explo-
sive RDX, but it can be reduced or diminished by the desensitizer. The safety of representative cast plastic bonded explosive can
be significantly improved by using coated AP instead of uncoated AP, which friction sensitivity decreases significantly from 82% to
0, and the ignition temperature and time-to-explosive in slow cook-off increase 17 °C and 14 min, respectively.

Key words: materials science; interfacial interaction; coating; ammonium perchlorate; sensitivity
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