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ABSTRACT

The adhesion strength of two konds of solid propellants(primary propellant/secondary
propellant) was studied by coating agent of adhesion composition composed of organic solvent,
curing agent, and cure catalyst. The coating agent using FeAA, cure catalyst, resulted propellant
breaking at more 0.14 wt% and interface breaking at less 0.10 wt%. The TPB cure catalyst of
confirmed the result of the interface breaking immediately after curing of the secondary
propellant. In addition, the coating agent using TPB was found to increase the adhesion strength

between the primary propellant and the secondary propellant over time.
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A&t Ao 53] olFFAE HEs= W FEA O AL wEA AsA= A
He T #3E @Al H8d + e T o] & A o}l] o] E (Hexamethylene  diisocyanate,
CAP
unapplied Curing catalyst Only HDI
Triphenlybismuth
HDI
Polymeric curing agent LRE
Hexamethylene
Diisocyanate
Acetone
o G
Curing catalyst
Tris(acetylacetonate)rion(lll) Acetonitrile
— HDI
(FeAA) FeAA
Trichloroethylene
HDI
FeAA

Fig. 1 CAP composition list.
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(Triphenylbismuth, ©]s} TPB)E 283t 7
&7t g8 AEAlel 12A EAHA &
74 FEAs 7 B st S H2E o
T itk TPBY 7% HDIOl &35+ 54
Zka 7] W&o fr1&WE A8skA &gk
Rt FeAAE HDIOl &sisA 7] wwel
FeAAE &3iAZ = = &WE A&t
S22 = ol ELto] EE(Acetonitile), ETEE
g dl(Trichloroethylene, ©]3t TCE), °FA&E
(Acetone) & A &3ttt
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%SHEE 20CE AA% HDI TPBE #¥F
713 200 rpmo. &2 ¢F 5 mint FE3] wyE
0}04 TPB A7t £38d HDIE (&= A o
2 TPB & 23 <& A=xstAnt Axd &Hq
A 35 A e TPB ¥A= PTFE membrane
filterol]l <3l 3= oH, 60C 2LENA 5 hr
o] Ax3AY. ¥4%H PTFE membrane filter
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HDIO ti& TPBS &3 =& SA sttt

FeAAA 749-oll= HDIO &3al5A &7 W
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Table 1. Organic solvent/HDI ratio(wt%).

HDI 0 49 10.4 12.9
Organic solvent | 100 95.1 89.6 87.1

)3 HDI B &< Table 1.9 YElAT. H7]1&

] g f{7]8ul/HDI &-&ule] gk FeAA &3l

S HDIOl tig TPBY &= A TL
WS 83T

23 FA 3 8 APE AlE AR

CAP As&dS A% A4 =49 EFYr=
Sl=EA EujdlolEl=  Fe et <l (Hydroxy-
terminated polybutadiene, HTPB)#} ©]AZET] 0]
4 A QH:K(Isphorone Diisocyanate, IPDI)& 7}4A)
£ HSd" AutA©]lE(Dioctyl sebacate, DOS)E
AR Eg D P 252 (Triphenylbismuth,
TPB)7} AHEHA AsAls AFaqt dEF
(Ammonium perchlorate, AP)°] LAASE &
FUlF (Aluminum, Al)°] AHEEH AT 12 F
A= Baker Perkins Co.ollA] A28k 2 G/L Vertical
mixer2 &3}5}9 0 ii}ﬂ g5d FA=
4x13x25 cm Hfxol]l S F 50TAAM 10L7E
st AT Ast g4gd FAAE gz A
welste] ddeta, ddde] CAPE =x3
4x13x25 cm ¥Rz=ol] ThA] A ERe] 50T L]

X
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Fig. 2 Specimen of a)JJANNAF and b) Cubic
(unit = mm).
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Table 2. CAP composition(wit%).

. Curing Curing
Organic solvent
No. agent catalyst
a b c HDI | FeAA | TPB
#1
#2 (89.97 9.87 0.16
#3 100.00
#4 92.37 7.50
#5 90.47 9.53
#6 96.59 3.41
#7 88.24 9.80 1.96
#8 92.40| 9.70 2.10
#9 93.04| 9.70 2.74
#10 94.38| 9.70 4.08
#11 91.78| 9.70 1.48
#12 90.44| 9.70 0.14
#13 90.20| 9.70 0.10
#14 90.25| 9.70 0.05
#15 90.30| 9.70 0.01

a: TCE / b : Acetone / c : Acetonitrile

Z Ae Atk dWHH 02 FeAAE S48

mje & &8ss S4e 7HA=d TCE
Acetonitrile, Acetone®] =/ X (polarity index)7}t
Jo 2 Q3] FeAAS] &

1.0, 58, 51& 7= &
= ztol7t WA Ao JTEHATHS5]
G SR o3 &3lx Apolrt TAYEA
¥tk ol d &3lx ztolE F3 TCE W
Acetonitrile?} Acetoneg A& AH$ ¢ &
&l FeAAS &34 HDI Wiel o 1=
A = ok A RE Acetoned] ZeH
(Boiling point)2 56 CE Acetonitrile 82°C, TCE
87.2TCel Hlal Hotr HF3tr]o LolstA] F
TCES] 7= flmd4=d=2 15 TdEd
o]7] Wil HFol Frt Bast Edo|th
9} L o]fFZ B AFoA = Acetonitrile
7]*C-LUHE AL NEE FE FIPdsiHoH

B TCE % Acetones &3l AgdS F3Y3}
9\1‘3}. s SHAHE vg o s F8F CAP
Z4& Table 2.9 YEMAT

=8

2 e T oq|r

e do Ho

32 7147 B4 ANE Ax
BEE ANEY 7AF 24419 AHE Table 3.

©
\'i o
\

@
—

w
o
L

N
3
1

B

FeAA solubility in TCE/HDI
FeAA solubility in Acetonitrile/HDI
FeAA solubility in Acetone/HDI

TPB solubility in HDI

-
(%)
|

o
¢
1 /’}.l

Solubility (g/100g solvent)
= N
o o
! !

o
S)
L

1 I ////
8 10 12 14
HDI content (g)

96 98 100

o
N
IS
o

Fig. 3 Curing catalyst solubility in organic solvent/HDI at
20C.
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SR %2 AR JAZF EA AY Adolw, EbdTA 13 A9} 234 FZA] Abolo] 2
#32 4% HDIRHE AE3 Algddgoelt. F o] XA ot EXRG Fedtes AL 9
Ad-g Hlwstd HDIRHS AH83 #39 ARA " $}h Acetonitrile/HDI F-8ulle]l FeAAE &

S7b #1 THl o 3~350 dolE R HAY

4 SATh Fig 4.9} o] HDIZ} HTPBS A 2yt
S(rEg e s e Fuiek dol
dagt, ZuE FAskA &2 #39 A AF
HEg-o] mj- HHS] dojur] wEel whgol F
ofstA] g HDI HAZo ofs) 2 o] ofsf
A Ao Addry =3 {789 F/(TCE,

Acetone, Acetonenitrile) ¥ HDI®| FeAA >3}
TEE e A #2, #7, #8S vlwet A3
37HA A& BT FAL doEE AR5 &
Askh ol= #F71817F FeAAE £3A71H

Table 3. Result of mechanical test data.

Test . Curing end

Curing end date
date date + 5 days

Sample .
JANNAF Cubic

type

S, E, |Break | S, | Break
No. )

(bar) | (%) | type | (bar) | type
#1 588 | 13.97 B 6.35 B
#2 8.75 | 40.64 A 7.46 A
#3 1.92 | 4.38 B 1.80 B
#4 469 | 9.76 B 732 | A—B
#5 6.94 | 18.49 B 70 | A—B
#6 319 | 7.37 B 4.59 B
#7 8.36 | 41.17 A 7.31 A
#8 825 | 38.88 A 7.30 A
#9 8.50 | 40.59 A 7.35 A
#10 8.31 | 40.73 A 7.12 A
#11 8.31 | 40.00 A 6.88 A
#12 815 | 3491 A 7.15 A
#13 7.88 | 32.96 B - -
#14 748 | 28.16 B - -
#15 751 | 29.55 B - -

Break type A : Propellant break
Break type B : Interface break

P Yrhsted

AN &83 JANNAF A 29 AE

A #3, #8~#15)F Fig 5.9 YeERAT. 1 2
3} FeAA 3ol S7hetel wet stdwdo] A3t
A gpdo A FXA stdo g WElst= 2
gt ol AstEm FeAAS] 3ol

Ho! HTPB
Catalyst
Heat

N
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Fig. 4 Adhesion reaction of coating agentl6].
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Fig. 5 Result of mechanical properties according

to FeAA content.
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#62] A¥A7E Fig 6.9 e SATE HDI/TPB
& 8% A¥ =% HDIE 8T As<d
#3H T HEo]

37HA Als BF HAAR
TPB7} HDI®| HAWM-ZFEEE ZXI5HA T FeAA
e We o]l o= HDIY AHHukS
E57b e HHE] AP Ty AR B
gEth =3 TPB o] S7HEE 12 F3
Ak 224 FRA S HAHo] EokAE AS &
1% 4 gl o= HDIS AHAWhgo] TPB &
Foll TS e AL AT & Ave Aol
ok © #59] APAAE AF] TPBE 3]
8 Espezrt &2 TPBE FUsA
3t

(e}
AA o) =Xx3te] A &3k

Rl

Shaking ¥ F TPB ¥
e A = gl

TPBE 243 HDI= tE ASEY 2
Cubic AlgolA= 2 27t AolstA YeEsTh
HDI/TPBE # &3 JANNAF, Cubic A& Az}

E Fig 7.9l YERNALE Fig 7.2 XA ghcto)
AR #2 NBO NPAFE VIEOE #4~#6
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404

compared to TCE/HDI/FeAA APP
He=---->0

30

20 T T T T T T T T

The mechanical proeprtices ratio of HDI/TPB APP

TPB contsnt (Wt%)

Fig. 7 The mechanical properties of HDI/TPB CAP
compared to TCE/HDI/FeAA CAP.

HFolH #4, #5 A=Y HFHE2 TCE/HDI/
FeAA CAP tiH] Aj7to] Z#3to] we} H2g
o] 71&% FAT FFEOE FFe AL A}
At WA TPB7 4% H&H #6 AR AT
Aztol A#Eolx FHEA=o] TCE/HDI/FeAA
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of FA HAE I-AZEA ALY + Id&
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221 FXA Y FERE Y Aole WASA e
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dgt"Eg. 9H TPBE A 83 CAPY ZH$ 23
FRAA7 Azt F 2o H&REEo] A A
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