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A Study on the Change of Burning Rate of Zirconium-Nickel Delay
Elements Depending on the Ambient Temperature

Ho-Sub Kiml*, Ho Young Lim', Yo Han Kangl, Do Hyun Kim?, Geun Woo Lee”
"Defense Agency for Technology and Quality
’Hanwha Corporation

o 19
=)
12
=
1o
k)
18
el
A
ol
N
w2
2
1o
>
e
>,
)

)
e
o
flo
1
1o

= of,
oot
41 rlo
—{o
i)
i
)
N
m
S
r_&
OEL

r& e 47 ko
re
-
rie

_ -{o
ach
L
L)
uu)
i)
B
é
w m
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Abstract Among the explosives in ammunition, the delay elements, which are used as a retardant, could
be influenced by the ambient temperature in the Republic of Korea, where the highest and lowest
average annual temperature difference is clear. On the other hand, there has been no domestic research
on this. This study examined the linear burning rates of the zirconium-nickel delay elements depending
on the ambient temperature in South Korea. The ambient temperature data of South Korea were
obtained from the meteorological administration, which was used to set the experimental conditions.
The operational time for the K414 fuze was measured by changing the ambient temperature by 10 T
from -40 T to 50 C. To convert the delay time into the burning rates, the height of the delay element
in the K414 fuze body was used. The results indicated that the characteristics of the burning rates for
the zirconium-nickel delay element could be estimated as linear, and both the burning rates and the
delay time of the zirconium-nickel delay element were 2.73mm/ms and -4.18ms, respectively. This led
to an approximately 80 ms delay time difference in the environment where the highest and lowest
average annual temperature difference was above 20 C. Therefore, the delay time reflecting the ambient
temperature should be considered when the test evaluation criteria of zirconium-nickel delay elements
are established.
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1. M2

Z|AA(delay elements)= 24t AlY(explosive train)
o Hoste] AZHE AL AFohs FH5HE EolH
(chemical timers)°]tH1]. A4 = AR (fuel)Q} AFst
Al(oxidizer)Z T==H TungstenA|, Zirconium-
NickelA|, Chromium# 5 9&9] E&F u=t -2
= St} ol=st 3feHd A AAl= ol AFstal +27t
Zhboto] eEtARt, WA xE, Jutetr 3 ol gt
gtoF 2o o]go] QlcH2l. $HH, EUetolA] Arg-st
I SlE K413 528 K414 AT 60MM =
8IMM HZA=ZERE K510 4% Sol& Zirconium-
Nickel#l(e]5} Zr/NiA) AQA7}F A8t

dutgoz Zdh AL HH9| Lead Azide, Lead
Styphnate 53} o] W17 3Hsensitive) 3}2FQ] 211 oF
St Zakz AJZlste] TNT, RDX 53 Zo] Atjdoz
E3Kinsensitive) 3}oFS] 31 733t Z5ko] A2 A
Y|, o]gt T2 wf¥ Z2 A7hol] AEHHoR U
ofdtH3 4. o] ZF A i AAATt BeisHA =W,
A A7 dadhe Folle A5H4Q o] dojd £
P AAA7E Aaohs dAFAIZE B9t Fd ALY &
B2 Wi A ZoHSL o] AlbE AAAIHE= A4

Al, delay time)ol2tal gt} o] Ajzto] B Q3% o] /=
=3 2t} Al 0], 7Y AR ZEAG] F
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Fig. 1. The schematic drawing of the explosive trains

o] Hsp} S35 WAE Aoz diEeH, ddd®
ot PE|URolAE oFEZIA] ko TE A DA
2t g s e vk i

TEbA, B e eyt gofRd F2 AMEE
Zr/NiA| A @A) Hsf FHLm=of mhE AAAIE Ha}
£ TSIl oI5 Hdl, K4135FE8 K4144139]
AQAE FAskL LYt 71e54de Este] -40
T ~ 50 T #& ARS &42== 7Hdsiled, sig
SETRolA FH2ES WA AJAES 573
sttt o] A¥E vpgo R, Zr/NiAl A AAe] 2=3
7ol M das HolE AT mESIAor ddd

ol ot 1S 71ESHT

2. O|2X HZ

2.1 XHS B&F

AQA = A=t ABHRE A= AR89 7] o
2} Blackpowder, Tungsten?|, Zirconium-NickelZ]
S Table 13 Zo] ERFHTHIO11]. &3 XAAl= <
4 Z 9= 7|H 4 (gas phase) &S] Hujof ot
2} Gassy Delays®} Gasless Delays® e 4 QJth
Gasless Delays= A4 1 ¢ & 10 mLETh 22 9]
1AV BAAES DAAFIHE, olith & ¢ Gassy
Delays2tal 3t dd) R7|A|AS] 3L AAAY AA
Azl tie =2 9] A=} A7/ o] 8
o] w2} Gasless Delays7t A3 =3 Q= FAlo|tH12].

2.2 X|8H HAEH

2.2.1 XAHQ| ALZT

A AA 9] FAEAL A4LE(burning rates)® T
FH} A4ETE mass burning rates, linear burning
rates & EEE & 93, 4= 22 gram/second,
cm/second 9} ZTh
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Table 1. Examples of delay elements corresponding
composition and effect

K. L. Kosanke 5°] 73t viof] M= 2]AA19] A
AST = Table 304 B Hle} o] 516+ J3f, &

Pyrotechnic composition Effect Note ‘ﬂ;—(ﬂl cgﬁ(‘}:, = ﬂ‘-ﬂ'@%‘ﬂ;ﬁu Cgé(‘}:o] ET@'@"O—E Zﬂ]"g‘
Blackpowder Gassy - sl 248 4= U, A QAR AEet AR Y S5,
Tetranitrocalr\jbazole, Potassium Gassy ~ AT} ASHA| 9] &5t v]E, X|AA9 YRT 719 FAT
itrate
A AA FH HFr, XAA7F =4 A= FA
Boron, Silicon, Potassium Gadese 10 del ]\_ 1] Td OLEy ]\_. ﬂ ]— —6—‘_H0-1 P % C}(i
Dichromate ¢ v 7], &o)) Sl gsf 24" TH15,16]. AAQAEE 25t
Boron, Lead Peroxide Gasless - L gjyro] QAL AAA7 YAELE Zo] 2AE R
oron e Chromate | Gasless - A AAle) Azl Bt Fo] EAEAT} ek Bt
Boron, Barium Chromate, Cromic = = =
o Gasless | - 7} Fleek W A|QxIzto] FLstolof st el
Tungsten, Barium Chromate, Gasl T del Z]CE/\]ZJ_'OH ogéc'}:% U]i]“f: {4 %‘ X] CEZﬂ —T—Eﬂ ?_]’751‘%
Potassium Perchlorate asiess ungsten delay “ o = 1 A o]w ] o
v — " T AN W3 £ Qle 840|BE APARES]
anganese, Lea romate, ) anganese e
Barium Chromate Gasless delay oo} g] ZAA|Zto] WMskeE 4= it J. Jakubko =
Molybdenum, Barium Chromate, Gasless ~ 0] HIISH H]'Oﬂ ‘I]'_E_”iﬂ, Si—Pb304 75”9] (E.}J\_é:— =25
Potassium Perchlorate = = =
of wet APH o g Bl ot BAE Z=rhal Barstel
Chromium, Barium Chromate, Gasl Ch . del = N
Potassium Perchlorate asiess rorium delay —Q—U‘:' [8], Y. Li ‘6‘9’] _H;__TJ_Oﬂ/K-]E B_Pb304 74]-0’1 ﬁi“-“E
Selenium, Barium Peroxide Gasless - 7]‘ —?_—Eoﬂ H]iq]‘al"“—:— 7}1__EO }_A}Q%q@] j-a]’}’, :—HLLH
Zirconium, Ferric Oxide Gasless N oﬂ /\—]‘_‘:_ ;(] o z«"oﬂ st 05@‘% ﬁ_—,Lf}j— /\]-E:]]T‘:_ o]—Z(J'
Zirconium, Lead dioxide Gasless - 742 RaE vh 9o}
Zirconium, Titanium, Ferric Oxide| Gasless -
Zirconium-Nickel, Barium Gasless Zirconium-Nick
Chromate, Potassium Perchlorate a el delay Table 3. Factors controlling burning rates of pyrotechnic
compositions
Z]ﬂ;(ﬂ?,] ﬂ_/]\_—’e:—EQ] Eq—ﬂ} Zj'—g«ﬂ—‘(_—‘— ‘_%—0] E}g Controlling Factor E. AH, Fp
A& Eo], 44257l 1 mm/ms Bt & S 853 Choice of fuel and oxidizer o] 0] (0]
(projectiles), 1~6 mm/s 9] ﬂ_/l\_‘-/“l,\—E?:l ﬁo'cl)‘ —%—i ﬂ Fuel to oxidizer ratio - O -
- Degree of mixing - (0] o
4} 278 (smoke grenades), F&Htear pots) 5 A S 5
article size - -
A8 7] (ground chemical munitions)oll ARt} Particle shape 5 N :
cﬂ-/l\—‘{‘—\.‘l:l—ﬂ' 25 ~ 1000 mm/ ms ¢ 76]‘10— iHéj;g— %‘Oﬂl\_] Presence of additives O O O
E'/\]'Zgl ‘E‘Zﬂl O]Q‘IE /\}%%‘:}[13] X] ‘ﬂxﬂ ;I_L*é/\(—)]%oﬂ ]I]' Presence of catalysts (0] - -
E AJdAETE Table 2004 HE vl ZoH14]. Ambient temperature o] - -
Local pressure - - O
D f fi t - - 0]
Table 2. Burning rate of delay elements ceree ol confinemen
Physical form - = (0]
Composition Ratio (Weight) Bruning Degree of consolidation - - 0
rate (cm/s)
Silicon : Red lead oxide : 15 85 : (1.8) 17 Geometry - - ©
(Nitrocellulose) ) T ) Crystal effects 0 - 0
Boron : Barium chromate 150:: 9950 i; Environmental effects (0] O O
55 : 45 : 0 1.17 - Ea @ Activation Energy
ManganeS§ : Lead chromate : 37133 - 30 015 - AH, : Heat of Reaction
Barium chromate 33 137 : 30 0.30 - Fp @ Fraction of energy fed back
Zirconium-Nickel alloy : Barium . .
chromate : Potassium perchlorate 17::80:3 0.16
Tungsten : Barium chromate : 50 : 40 : 10 0.20 .5_6] 7]/l01—'éoﬂ/q 7] 29 é.}g]f}‘l- O]EH’ _?_(1414—& ?‘(ji-]]
Potassium perchlorate 20 : 70 : 10 0.06 _ _ ° o
I . , less than g A Hared A A7 747 201849 8Y 1Y
Zirconium : Lead peroxide 72 28 5.08 _ . _ . B
- E&HoA 45 40.6T, 1981¢ 1€ 59 FHAA
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S4€ -32.6C0lt. &, oF 73.2CHF9] LEAfo|I7H
A5, ook o] Aol F3iste] et HazA
SR 2 Feole AdARe] et 8] E8E
A0z oFHH ol A|AA 9 FHoE S&3] =
ud 5 QS AR AR

2.2.2 XK AAES

A A9 Aae ASRHANES O] Folrt. A=}
SHE 4" AQAE A=V SEAY IS o,
4 (1) ~ (3) T o] ARE ASHA e} vHgdto] ARAE
@A =cH17,18]. o] 8- ddego|ng jhs F
= A7, §HE 5 71A14(gas phase)2] A4
YA A AgrE F7relA ¥ESo] dojd woll=
39t

Boron Delay : 4B + BaCrO4 — 4BO + Ba + Cr

6]

Silicon Delay : 2Si + Pb3O4 — 2SiO; + 3Pb
2

Tungsten Delay : 8W + 3KCIO4 — 8BaCrOs —
8W0Os3 + 3KCl + 4Cr203 + 8BaO (3)
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2.3 K41 Zr/NiA| X[¢X1el EA

2.3.1 2=o| T4 XM Q| HZ=

K413 $Heo] AH8EE K414 AHE A= =
HHAKDS 1330-1023)3 MIL-C-137399] 87271
[191& $53h= Zr/NiAlelH Z 4428 Al 74,
AEHE, BAYAAE 59 5442 Table 49 2t
Zirconium-NickelA] A|AA|9] 3¢ A=o] g=go] w}
2k 2| Aol SR, ARRFA9] Hlgo] dAgtt 24
oA Zirconium®l H|3] Nickel®] %o] BS+E A4

SEE 1AL 540 9tk

yyNnit=1

[y LY )

Table 4. Components, weight percent and particle
diameter of delay elements for K414 fuze

Aver.
0,
Components Wt.% Particle Dia.
MIL-Z-11410, Type I 6.0 2 ~8m
Zr/Ni alloy
MIL-Z-11410, Type 1I 20.0 -
BaCrOy4 MIL-B-550, A 60.0 2 im, max
KClO4 MIL-P-217, IV 14.0 15 ~ 25 m

A|AAS] Az= Fig. 2014 Hiz Hieh Zo] 2Hd
£ olgsto] &3}, A, AR, Ax 3ES AA Al

4=Es

85

ot A F AAA9] FA2 Fig. 33 23, A9
Fel= Fig. 49 FAPIAFAUH(scanning electron

microscope)oﬂ yehd g3 2t

Raw Material

Mixin,
Preparation 9

Drying |

||::> ,:>| Earding ||::> S, ||:{>

Fig. 2. Procedure of manufacturing Zr/Ni delay elements

[y
e

Fig. 3. Dried Zr/Ni delay elements

Fig. 4. SEM images of the delay elements after drying

2.3.2 X|¢He] X

2.3.10014 Az AAA= Fig. 5014 Hi= vpet &
o] ¥EF9] FE Aol °F 30,000psi YH o= 43]
22 P o]F Fol9] HAEA o7 o] A5}
of AAA7F AaF7] Azksh=d], AAA A47t AR
T o~ atlx Y AAFE YEStojo} Tt AAATH &
A== Y958 32 AE 9 0.00 mm °laL, AAA
%4 =0l 4 00 mm oMol HA AAAS T
A7l T SAAE 5 ATHFAA 2= B v

7M.
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Fig. 5. The cross section of K413 hand grenade

2.3.3 Zr/NiA| X|HHM|Q HAHS

AUl X AAQ] AANHGT v E, Zr/NiA|
A A EFE HFRESolH, Gasless Delaysoll E575A]
T 71AS] RS WAAAA ARHE FAtelA A4kt
5ol dold A% FHS YAt K414 AE A4
Aol AaRES HAUESZ off 4] (D~ ZTH201.

KClO4 + 2Zr — KCl + 27rO; 4

KClO4 + 4Ni — KCI + 4NiO 5)

4BaCrOy4 + 37Zr — 4Ba0O + 2Cr;0; + 3702 (6)

2BaCrO4 + 3Ni — 2Ba0O + Cr203 + 3NiO  (7)

3. M8 ¥ 2y

2 AFolM e A AAEAE =M Fig. 6
o] Yer itk Zr/NiA| A|4A|9] 2= wE
A& WIS ZRIsh] 93 K444l AAAE
A7, 7158 Adste] AdAREE SASHAH.
eyt 71 24 sl -40 T F¥ 50 T 7HA]
10 T 4 Aol& FiL 1074 255 7I€ee 4 &%
F200A 308 AAAE S 2 AA S Al 54

H AHA =ol€ ol8&ste] HdaEE(linear burning

i

of R

rate) ST

XA | [ XA dHeEeH || 20|, dHEFo,
T 3T =0 53 z2e Mg, HEEY =8
| > 7152 __ 2EH2| S| 71BN

| 2 (AZE -40°C ~ +50°C) RSN 5%)

Fig. 6. The flow chart of experimental procedure for
measuring delay time of K414 fuze

3.1 A2 ZH|

A QAN S Aol ARSH Zr/NiAl | AA] FE2
Zirconium-Nickel alloy, BaCrO4, KCIOs 59 95
2 FAEo1A k. MIL-C-13739A [17], 4.2.20] w}
2} 7+ A&l disl 3k ERIgt A3t Table 59 2.

Table 5. Chemical Analysis of Zr/Ni Delay Element
for K414 Fuze

Components Wt. %
Zirconium (Zr) 11.9

Nickel (Ni) 14.6

Barium Chromate (BaCrOq) 59.4
Potassium Perchlorate (KClOs) 123
Others 1.8

AzHE AAAZS °F 30,000 psie] FHFoR FFE
130 43] B ¢Fzleto] S35k, AAAIZEO. 2 HE
S E A5 Yol AFA S Foll= AAA

R
re

EOlE SAT olF HEEATA 2H, FolddA
23, dEgo] o PIFA(YAHY, HHER) =,

i)
B
i)
b
N

J

r

po ¥
Ay
o,

&
é

o
)

N
i)
o,
o

Fig. 7. The test configuration for measuring delay time of K414 fuze
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Table 6. The measured delay time of Zr/Ni delay elements depending on the ambient temperature (not open

to the public for security reasons)

Temperature (C) -40 -30 -20 -10 0 10 20 30 40 50
Max. 0.85 0.84 0.78 0.68 0.71 0.67 0.60 0.59 0.52 0.52
Min. 0.62 0.52 0.51 0.42 0.27 0.49 0.38 0.30 0.29 0.20
Delay Time
© Ave. 0.74 0.70 0.66 0.55 0.56 0.57 0.48 0.44 0.39 0.35
STD. 0.07 0.08 0.07 0.06 0.09 0.04 0.05 0.06 0.05 0.08
Table 7. The burning rate of Zr/Ni delay elements depending on the ambient temperature
Temperature (C) -40 -30 -20 -10 0 10 20 30 40 50
Max. 3.01 3.03 3.06 3.11 3.24 3.08 3.32 3.23 3.18 3.27
Burning Min. 281 2.83 2.87 2.94 2.93 2.96 3.00 3.01 3.02 3.01
Rate
(mm/s) Ave. 2.90 2.93 2.95 3.03 3.02 3.01 3.08 3.10 3.12 3.15
STD. 0.05 0.05 0.05 0.04 0.07 0.03 0.06 0.04 0.04 0.07

3.2 XAAZt £

K413-8 R0 AAAIZES K414 A1 AefolA
RIS 4= Qlck. AR K414 Fqe ASS SHUHE
ol g3lo] 7} Lx=2AY 4AI7 o4f A2t & Fig. 70|

Al B HReb Zo] FrAKDS 1330-1023) whEt
SZL-WL-N limit switch(HONEYWELLAD®} ST-1KLA
photo transistor(Kodenshi AUKAH7} £-2H5 A==
AG AF71E olgsto] AAATHE S35 K414 5
FE AT Qbd&go] ojgd FAlo Folt HEE
5}733}7” EHA AAA 9] ATt AlRE=H], A AAS]
A7F A FUHE 71Ego] 7155 "

X]ﬂxﬂ AL ARAES 7T A A=l
Al ZRlstr] Aol AAA] Aa9] AR QbdEFtol7t
olgEE= &7t limit switch2~EBHETARE 0|85} 9l
Aetar, A QA A4 FEAHE 7|EF0] 71ES o
dbsH= 9l photo transistor® #HA|5He] Helsitt
[21].

3.3 X|GAIZH 2™ ZY U BN
K414 S5%t 13’401] "41311 —40 THE 50 T7HA 10

AAA| ol ol8sto] Aad:
Fitting Tool& AHg3te] @A) Lo

& vkt AelAlzlo] 418 ms sl

of gt Zr/NiA] 9AEEE AFAS 2= Z07 AR
Ay,
344
334
g 3.24
E
£ % #
§ "] $
% 294
y 3.01492 + 0.00273 x
2.8 R®=0.94214

T
10

T
20

T
30

T
40

0 50

Temperature(°C)

Fig. 8. The burning rate of Zr/Ni delay element
depending on the ambient temperature
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L2 AT A3 Table
7% 2Tt OriginLab Z=THO] Linear Curve
2 A AAZE
9 AA&TE EA% AT, AA 2271 1 € 45
Ab&T=
2.73 mm/ms & @S SlskGit). Fig. 804 Hx
o], A3 HEA A}, R squared 0.942ZH FH 2=
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4. 22
2 A= Ze/NiA| A QA FHzo] T2 Ak
T WSS Rlotoirt. AAAITR BHeF AREARS] QFH Y
LS LA} Qo] FYstolof ohH, 2 A%
a2 gk T2y LUl ASEE Ze/NiAl A
A 2= T AAATE B di&E Helo] tig]
T v} glo] REr 5k T2 ©oFe] AREQH ] of
g Ay BEs 7T gl
olo] & 7= Zr/NiAl A9AE AHEdsH= K414
EE& AThe ARt EluEt 7148 ES TEste] A
3t 2=7H-40 T ~ 50 C)ofl tisf Az HslE
RIS A Zr/NiA| A9A 9] FHLro] w2 Ahd
= AgFoz wsletr, 294 2=t 1 € 45T
ojuich ZAAI7E0] 4.18 ms FHASHY, AAh&KEE 2.73
mm/ms2 g FRlolint. o] A¥dIE B,
K414 o578 A9 A9 -40 €T ~ 50 €9 227
oA AAZE Hoigk, Hagk Zzbo] 0.85%9F 0.20

_I}~>'

E

=2

(WA A=Y

Z

29& gRIsto] o] L7478 372 AR] a~a
+125 15T 5 s A E3F ERlsknh a2y

B 5 A8 Al E 27S HASHR] EA
U AR AAsto] AES Aok - -40TC ~50 T
2= 27004 FV%F Hold R &= Qict ghH, 2 A
TATE= K413 5 A9 Zr/NiA A AAS] &
L3 w2 1_5:#5 ‘?isﬂr E4& gRlstar HgAQ
& AAste] ARGAPoll A ARGREEC] gt A R
doj1, AEAAE AN S Al AlR2E

F1,
79 3888 Y & = U& AoZ 7Yt
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