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Abstract — This research investigated the aging properties of the B-KNO; system as the igniter. The B-KNO; system
showed the degradation in ignition properties depending on the method and period of storage. It should be found out the
cause of the degradation to predict the reliability of the igniters. The changes of the properties by the degradation after aging
tests were analyzed by microstructure analysis, XRD analysis and thermal analysis using DSC. It was found out that the
lattice parameters of the KNOj; as the oxidizer in the ignition system was changed into the JCPDS values as the aging
time increased. Conclusively, the changes of the crystal structure of oxidizer affected the activation energy increasing as

aging time increased.
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Table 1. Specifications of Substance

Substance Specification ~ Composition(%) Average size (Lm)
B MIL-B-51092 24 <1
KNO;, MIL-P-156A 71 28

Laminac 4116 ~ MIL-R-7575 5 -

Table 2. Conditions of Accelerated Aging Tests

Temp  Rel. Hum  Accelation aging Starting

Specimen

(°C) (%) time (Accum., day) pallet
BK-ST-D 20 air® 21 raw material
BK-T1-D 71 air 30 BK-ST-D
BK-T2-D 71 air 60 BK-ST-D
BK-T3-D 71 air 90 BK-ST-D
BK-T4-D 71 air 120 BK-ST-D
BK-ST-H 20 60 21 raw material
BK-T1-H 71 air 30 BK-ST-H
BK-T2-H 71 air 60 BK-ST-H
BK-T3-H 71 air 90 BK-ST-H
BK-T4-H 71 air 120 BK-ST-H
air *<50% RH
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Fig. 1. Schematic drawing of arc image tester.
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Fig. 2. Microstructure and EDS of boron precursor. (a) Precursor (b) Precipitate.
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Fig. 3. Microstructure of KNO,. (a) BK-ST-D, (b) BK-T3-D, (¢) BK-ST-H (d)BK-T3-H.
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Fig. 5. XRD result of B precursor.
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Fig. 6. XRD results of dry and humid treated specimens.
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Fig. 7. XRD results related to acceleration time of pure KNO;.

Table 3. Variations of KNO; lattice parameters with the aging tests

unit: nm

Specimen a axis b axis

¢ axis Unit cell volume Crystallite size

0.54189
0.54171
0.54175
0.54176

0.91672
0.91673
0.91670
0.91666

KNO;-1 M
KNO;-2 M
KNO;-3 M
KNO;-4 M

0.64321
0.64310
0.64312
0.64311

0.31952
0.31936
0.31939
0.31937

8.0245
7.9314
7.3239
7.1084
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Fig. 8. Variations of lattice parameters of KNO; unit cell with the accelerating conditions.

logBpr=-0.4567 - Rg?% + const Q)
A7|A Bpy: eHE
R, @ gas g

T: HF° =5 (K)
Qg : EA3} oIy~
7 Alsel wisl A (Do E] QpF o] 218 Z12>2 ] linear
fitting 2 7= Fig. 100 YeRlew A4 9] 71&7] 258 2733} of
UAE Alnteto] Table 40 UERITE 1% 20 Al=8] 73-9- 94
3} o A]+= 190 cal/moledllA] 222 cal/mole® H+r =1 Al5.2] 7%

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014

4—% Fpzksk 4= Q)

178 cal/mole®lA] 243 cal/molel. 2 Z7}1% zksk 4= Q1)
SHH Table 4258 A% 243 5& x4 Aolo] ZA3} oy

[}
#) o)tz Bats] Y W A kgrort ofF ARE 90
Fok 7K wBRITIE A9 B A7 AR 209 wel &

OO

=

Z7

A2 0] Z7} glo] tha Aol7) 9e-g B glon
S 9l Uz SNEE Aiest 4713 B o) 7t 4
8 2] wslof @ 207 Wby ol9) 2 TMle
weh S} A7} 7k ol fiis el T KNO,S] 2
3 77 wsko} PRIgle Ao SjEH KNO, 24 994
77} %2 floleta s,

L=

O

© E.
=

9]
R



B-KNO, HsA|2] 7

< w5l B4 o 173

Aexo
1&121024_BIK_9-1
121024_BJK_9-1, 1.9200 mg
Integral 11.95e+03 m]
normalized 6222.02 Jg™-1
20 Onset 553.44 °C
Wt Peak 556.93 °C
Endset 559.13 %C
Integral -75.22m] Integral -138.85 m)
normalized -39.18 Jg™-1 normalized -72.32 Jg~-1
Onset 12759 °C Onset 330.94 °C
Peak 129.67 °C Peak 3BL77°C
Endset 133.28 °C Endset 332,30 °C
e - > 1
#IC { } : K|
4‘0 ‘ 6‘0 ' 8‘0 I 1(‘]0 ‘ léO I 1-;0 ‘ 1é0 I léD ' 2(‘)0 I 22‘0 ‘ 2;0 I 2%0 ‘ Zéo ‘ 3&0 I 3%0 ‘ 3‘;0 I 3éo ‘ Eéﬂ I 4(‘]0 ' 4;0 ' 4:]0 ' 4éo ' 4é0 ' S(IJO ' 52‘0 ' S‘IJO ' Séﬂ ' SIBO ‘ b v
ADD: METTLER STAR® SW 9.10

Fig. 9. Typical result of DSC for B-KNOj; specimen.
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Fig. 10. Linear plots of reaction temperature with the heating rate changes.

Table 4. Activation energy variations with the aging conditions

Specimen Dry condition Humid condition
(cal/mole) (cal/mole)
BK-ST 190 178
BK-T3 222 243

Table S. The results of Arc image for 3 month accelerating test specimens

. Dry condition
Specimen
BK-ST-D BK-T1-D BK-T2-D BK-T3-D
Delay time (ms) 315 310 305 295
. Humid Condition
Specimen
BK-ST-H BK-T1-H BK-T2-H BK-T3-H
Delay time (ms) 330 334 338 334

Test Pressure : 15 Psia, Test Heat Flux : 50 cal/cm?-s, Temperature : Room
temp.

3-4. 04 EM BM

758k g A3 A AAES of . onX| 2 ZASISIt).
Table 50| YRR A= 7F 227104 go-no go WHOE 2134
A@ste] 50% A= BES T gholth 1z 2719 AlES
298~311 ms, FoZ712] Al AL 332~336 ms2] #HO T FaZ7iol
A A do] tha ol HolX|ut AJ3e] ks aeshd & A
37} Qi Adolnt. &% 7RI 4SSl AsA] Wg) A
@ molstaal g,

4.8 E

ABAZ AHEE= B/KNO,S| 71y w8t Alfd ) oha) 22

=5 Aok

(1) B22 e A1719] YARIARR o] F oA glom EEs vt
Tl BEL] Alshs, akshas 3k Itk

() A8 =7 UlellA 71531 Algel whe Adwe] Wk B
M 33=

(3) Rhombohedral 7% ZH= KNO&= 23739 Wsp} o
Hglom 7} Ho] Fhaehs AeE Hlon e Feke] T
3} 20 o)A Bu)= 0.31952 nm’olA 0.31937 nm’o 2 1]
Al sk A o2 YERic,

(4) Arc WA AIE A3, Hs} A AR ] vm|gk Wkt 9191
o F& A2st Al A9 wkEAIRe] #Hx 314 ms Hl 334 ms
O 7 tha ZojX= g w0y SAHEAp 2 Al1E
o|== o] ofa]¥- |Gt

(6) A E Bl @A UAE et A 1k 23 AR
739 433} olA]= 190 cal/moleclA 222 cal/mole® o 4
A 72 ¢ 178 cal/moledlA] 243 cal/moleC 2 718 218 w3

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014



174 LS

& 4 glglom oo tie ol KNOS A4 9] v
Z7P} Fa feloleta =g,

References

1. Robertson, W. E., “Ignitor Material Consideration and Applica-
tion] American Institute of Aeronautics and Astronautics, 72
(Nov.-Dec.) 1195 (1972).

2. “Solid Rocket Motor Ignitor; NASA Space Vehicle Design Cri-
teria SP-8051(1971).

3. Umbrajkar, S. M., Schoenitz, M. and Dreizin, E. L., “Exothermic
Reactions in Al-CuO Nanocomposites, Thermochim. Acta, 451
(1-2), 34-43(2006).

4. Kwon, J., Ducr, J. M., Alphonse, P., Bahrami, M., Petrantoni,
M., Veyan, J. F., Tenailleau, C., Estve, A., Rossi, C. and Chabal,
Y. J., “Interfacial Chemistry in Al/CuO Reactive Nanomaterial
and Its Role in Exothermic Reaction) ACS Appl. Mater. Inter-
Jaces, 5(3), 605-613(2013).

5. Comyn, R. H., “Pyrotechnic Research at DOFL, part II. PyroTechnic
Delays, AD report 273042(1962).

6. Pretz, A., “Investigation of Pyrotechnic MTV Composition for
Rocket Motor Ignitor) American Institute of Aeronautics and
Astronautics, 82(June), 1189(1982).

7. Valenta, F. J., “MTV as a Pyrotechnic Composition for Solid
Propellant Ignition?” 13 Pyrotechnic Seminar, Grand Junction,
CO, USA, July(1988).

8. Yano, Y., “Condensed Phase Reaction of Boron with Potassium
Nitrate] Propellant, Explosive, Pyrotechnics, 14(5), 187-189(1989).

9. Chen, S., Liu, J. T. and Zeng, Q., “Advanced Kinetic Tools for

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014

10.

11.

12.

13.

14.

15.
16.

17.

18.

the Evaluation of Decomposition Reactions) J. Therm. Anal.
Calorim., 80(1), 229-236(2005).

Berger, B., “Parameters Influencing the Pyrotechnic Reactio’
Propellant, Explosive, Pyrotechnics, 30(1), 27-35(2005).
Bhingarkar, V. and Singh, H., “Influence of Cellulosic Binders
on Sensitivity and Combustion Behaviour of B-KNO; Ignition
System) Defence Science Journal, 56(3), 345-351(20006).

Cho, K. H. and Kim, E. Y., “Life Expantancy Estimation of the
Propellants KM 10 Using High Temperature Accelation Aging Test
and Stockpile Analysis Test, Korean Chem. Eng. Res.(HWA-
HAK KONGHAK), 48(6), 695-699(2010).

Rajendran, A. G, Chandrabhanu, K. S., Rani Krishnan, K. R. and
Kartha, C. B., “Effect of Aging on the Calorific Value and Ignitabil-
ity of Boron/Potassium Nitrate Charge} 3rd International High Energy
Material Conference and Exhibit, Thirubananthapuram. India, 419-
422(2000).

Weiser, V., Roth, E. and Eisenreich, N., “Burning Behavior of
Different B/KNO; Mixture at Pressure up to 4 MPa; 37" Inter-
national Annual Conference of ICT on Energetic Materials, Kahl-
sruhe, Germany(2006).

“Pallets/Granules Boron/Potassium Nitrate]” MIL-P-46994B(1982).
Ozawa, T., “Kinetic Analysis of Derivative Curves in Thermal
Analysis} J. Thermal Anal., 2, 301-324(1970).

Lui, Q. Y, Bei, Y. L., Qu, G B. and Ding, Y. J., “Thermal Dicompo-
sition Kinetics of 5-Fluorouacil from Thermogravimetric Anal-
ysis, Korean J. Chem. Eng., 25(5), 180-181(2008).

Lu, H. M. and Hardy, J. R., “First-principles Study of Phase
Transitions in KNO;) Phys. Rev. B 44, 7215-7224(1991).



