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Fig. 1 Schematic representation for measuring of
linear burning rate and gas evolution rate
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(a) CeHsCOOK_
: A :
: | |§
-g """"" {150 | €
* | CH:COOKKCIO. \4
=55 (by wt) ; 4140
B l,
¢

0 100 200 800 400 500 600 700 800
Temperature ()

Fig. 2 DTA and TG curves of potassium benzoate,

potassium perchlorate and the mixture of

potassium benzoate with potassium perchlo-

rate

--------- TG, ;DTA

Sample weight; 2mg, atmosphere; in air,

heating rate: 10°C/min

3 BRBIUER
3. 1 SABIUBEHORMIER

LEF/EEES Y UL L BEF#ENY U LD DTA, TG
g% Fig. 2 D (a) B LT (IHIRT,

LRERRS U U AT430°CTEMEIZ L ZBAL—
7, 450°C~550° C CR LI L D RALY— I 7RL,
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1Twt%DE BNV BB LI,
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(X 800CE TIAT D LIREEN Y Y LAEER LT, F
T, EEREL ) U AIZ600CE TN B L, Kk
YO LEBERLE,

EROBERNOLZREEL Y v ADZERBORKIS &
EIEREES ) oADMY, (DBLTE@KXE L,

LRAEBHY VAOHE, R LY 530°CHOFARIC
BITAHRMPREHIT S L 56.9wt% Th 7=,

2CH;COOK + 150,
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(MRICEZHEELIRE L, LA T, ¥
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BEREOHFOMBREHOBK XRETTRER LY,

Fig. 3 Observation by microscope photos of mixtures
of potassium benzoate with potassium perchlo-
rate on heating at
(a)25°C, (b)390°C, (c)400%C, (d), (e), (f)410
°C and (g)430C
Composition; CH;COOK:KClO,=5:5(by wt.)
Sample weight; 2mg, atmosphere; in air,
heating rate; 100C/min
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Table 1 Effect of composition on whistling noise of the compositions of potassium
benzoate with potassium perchlorate

(a) paper tube dxameter. l 2cm. length 6.0cm

C:H;COOK: KClO4

‘frequency sound pressure

(by wt.) 1‘ whistling properties i (Hz) ; ( dB)
5:5 | whistled with very low _
) mtenmty. just faintly audible ;
. whmtled with somewhat less } !
4:6 | intensity than 3:7 . 2300 9.5
. whmtled with somewhat less l
37 " intensity than (b)-3:7 | 2525 9.9
. | whistled with somewhat less ‘
2:8 _intensely than 3:7 2513 .1
1 :9 ‘ no-whistling 1 - -

(b) paper tube diameter; 0. 9cm, length 5.7cm

CGHSCOOK KCIO, !

frequency sound pressure

(by wt.) | whistling properties (Hz) (dB)
5:5 B ; whistled with very low o ‘ I _
’ _intensity, just faintly aud:ble ‘
; _ whistled with somewhat less t
4:6 l intensely than 3:7 7 2500 97.5
R R ey ,,
3:7 1 whistled with atrongly \21715 109. 8
- S _ _
. whistled with somewhat less |
27'8 }  intensely than 3:7 i 2800 i 97.0
1:9 | no-whistling \ - | -

BXY, 80CITBIT AT ABEEMEHITITE S,
BEHADKESLE ZBLRETHE I LDOLTHE,
B4 H A0k, 5800cm®/3.58ec ThHo1,

L7=hoT, 18MICRE LIREDEKRR(H AR
4EEE) X, 1700cm’/sec Th B,

ki@, AHETIE, 1BDMIicRE LXK
FERNAVCEEICBNTHED IS (cm) 2 A4
W (cm/sec) & Ui, HRFEAMAIL, 1700cm?/
{(1.2/2)*X = }ecm*%1500cm/sec & 72 5,

BAHA B BEICHOWTL M ARE ML HE
L=, BERED Y 0 LADRESPE L EASEHE DB
% Fig 4o ®)izrd, BEY, HEL2cm, HE
6.0cm DB ZER L-BSLHEHE0.9cm, i
5. 7cm OWTHOMFE 2 (EA L7288 b, RESHEY
YL RERELY U A=4:6 DREKOL X,
HABAEEIIREH K& <#2000cm/sec TH Y, &
MHEDERON ARLEFE L ) K& WIRbhot:,
E6iz, BEFRESNY P LOBRSNKEXVBE, HR
BEFEIT NS RBFEMIABO LN, HHELHL
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RRAFIKLEENY v LH  BEFEENY VL=
4:6, 3:7, 2:8DWETHD, UEDERLY,
SBURBEEENS 0. dcm/sec 1D, HARAMEEA 1500
cm/sec LY KEWEHTIIHEFTLZHITN, VABAEE
A 1500cm/sec LY KEWVHE(REF/REHIY O
b BERBEHYOLA=5 :5)ThH, SRKEHE
730. 3em/sec L Y P EVVEEITIZLEA Y DTMCL
PEEFZHERZVWD, 2{EBEFLFHI LV END
hot=,

3. 5 FFTP7FS54Y—IC&HETORHNR
TEEFERHY UL BEREIY TL=2:804
ROEBSHOEF IOV TEERES RS Fig. 51275
3", Fig. 5D (@ IFE 1. 2cm, &£ 6.0cm D%
ERLEBOOEEYR, Fig. 50 (b)IXEE0.9
cm, A5 Tom OKMEZER L-BSOE TN,
Fig.5 D (IXREBH KA v ANVDOEHBEH TH 5,
WTFhoOWF LRI S 20, F-REZETENE
Do, LENRST, ETIRENTE VS, &
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O paper tube,
diameters 1.2em, length; 6.0cm
Aipepar tube,
0.70 diameter; 0.9cm, langth; 5.7cm
oeo | @

58

0.10

40 50 6 7 8 9 100

Contont of potassium perchlorats (wt.5¢)
X paper tube,
diametar; 1.2cm, length; 6.0cm
Aipaper tube,
2500 [ ) | diametez; 0.9cm, length; 6.7em
g 2000
1500
1000
d &0
0

40 650 60 70 80 9 100
Content of potassium perchlorate (wt.%0)
Fig. 4 (a) Effect of potassium perchlorate content
on linear burning rate
(b) Effect of potassium perchlorate content
on gas evolution rate

YL ] e I t; | | e
T iw Al \Awm,vl
i wwu U’ vvku,y‘w,lw"w mw”w
waql AT .
4.7 )| ;

Amplitude (mV)

Time (mSEC)

Fig. 5 Waveform amplitude of whistling noise com-

position by FFT analyzer

Composition: C;H;,COOK:KCl0,=2:8(by wt.)

(a) tube diameter; 1. 2cm, tube length; 6. Ocm,
sample weight: 5g

(b) tube diameter; 0. 9cm, tube length: 5. 7em,
sample weight; 3¢

(c) whistle used in competition

DRAPDBBYBESRTHELDLEELLNS,

Er, BEEN 1 INZER Y & IRBOEEA B
BTHHNT, BBEBATHABEERLHE L&Y%
(a)~(@iziEd,

(a) Wi 1. 2cm, fAik 6. Ocm MEOHEFOHRE
39/0. 016 = 2438Hz

(b) EL£20.9cm, fAifZ5. Tem HRDOTHFOREY
42/0.016 = 2625Hz

(c) BEBIHRA v ALDLHEOBE
36/0. 016 = 2250Hz

L7=dis T, BAONE (a)BLTO) IXHEAK
A9 ANVDEF@Q LYVBFTHSZ Lrbhot-,
7=, O)OFEEEH LBFOEKEA () D%
RALIBROBRBERLYRELS, RELRKEVLIEM
WHoOohz, UEDERLY, KFA/DI KGNS
HATMHEOBREPIARFTRTHHZ LHbr»
o ZOFREIL, HEORBFIRRE R L7 Tablel 7
RERLIHT—BLT,

Wi, ChoDEFLIAEL, AL FEONE
% Fig. 6 IZ7R”%, EE21 2cm, @56, 0cm OERi%
R LB H ORI 2 SkH2 HETH Y, &F
JELIRKO. 1dB 25R L, £/, EAFEERD 2

10

Frequency (kHz)

Fig 6 Relation between sound pressure and frequency
for whistling noise observed by FFT analyzer
Composition; C;H;COOK:KCl0,=2:8(by wt.)
(a) tube diameter: 1. 2cm, tube length; 6. Ocm,
sample weight; 5g

(b) tube diameter; 0. 9cm, tube length; 5. 7cm,
sample weight; 3g

(¢) whistle used in competition
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A L= BAnBEEOEREH L 2 sSkHz (1L TH
D, FELREKM?.0dB 2R LT, £, EXEFK
Ko 2 {EBEKTHS 5. 3kHz DRI L FED L —
2 ABH LT (Fig. 6 O b), FHEAKRAS v 2NVOE
AFE L2 3kHz fHETH Y, ZORBITRRFE
94.5dB &R L7, &biz, BEABREED 2 BN
THhDH4. 6kHz DRI FEOE— I REH LI
(Fig.6 D c),

UEORERLY, WThoBTLERFICHL, &
ENRBELTWADZD, HEIRCEROLBIZLY
RELTVELNDEEZLNBY,

3. 6 BORsLBEESORARMEL

ZEREEHY UL BEFEEENY vL=2:8D4d
ROBAPOEFIOWTEE L 2cm £ 0.9cm D 2
MoOMHE2ER L-B/AOROR S L EETOREEE
{t% Fig. 717 T, HEORERIIE SICIIETR LA
FBZLhbhot, £, HEL 2em O EE
BLEBEREEZNdem BB L, HEIELIE
BERHERRY, HEO Iem OKRFELER LS
AR EN2.5em L0 ES B L, EEISERH
ERgntz,

UEDRERLY, BEREEIREL, FEORS
BELRBIZONT, THOLLHEOERIBELRDBIC
SN THHRAITIES 2B LI A TS AT L &Rk
BLEY, LEXoT, BFIHREBROMBIZLY
BELTWSZ ERbhhots,

3. 1 BEICRETEHOESE
ZOERA Y UL BERES ) v h=4: 60D

Qi paper tube, diameter; 1.2¢m
Ajpaper tube, diameter; 0.9cm
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-3
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Fig. 7 Effect of tube length on frequency for whis-
tling noise
Composition; C;H;COOK:KC10,~2:8(by wt.)
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BROGEOEZEL 2cm, #iE6. 0ecmdT7TAI=

A, H7 A, BEC=AZRHICERH LEEROEE
oW TORFRIEELSE Fig. 81277, @iIZ7TA
=y A EER LSBT EE, OV TR HEE
HALEHFEY, @QIEke=AHMEER LSS
FETHD, WThOBEEFLEMEERALZBELR
BB 5 20, EHRIEERMRRD bhis,
Li=2oT, BTIRIITERV, Fok/iEky
BBENRTWALOLEZONS, LML, EEEER
LT ERL Y LIRENRKE W EARD LN,
i, BEEEFBATHAEREHRLEERE (@~
(izid,

(a) TAIiz=g AEFEALZETORS
38/0.016 = 2375Hz

(b) HZ AffiZEALETOHE
35/0.016 = 2188Hz

(o) k=LA BE2UEBLIZBEDERE
35/0.016 = 2188Hz

ZIT, RS FEEOREZERLZEEOR
WA 2300Hz THHDT, “OBRBFLHEBLTEH
RISRAZSORAEETHHZ LXED LR,

wIZ, ThoDBEFLEHATL, BEE EEOBGK

e Ui 5:’1'! ILi
& el
g [l }JJJYJU%USVIJJ§.! | 1

Wil

aan T

o o ) 16
Time (mSEC)

Fig. 8 Waveform amplitude of whistling noise com-
position by FFT analyzer
Composition; C;H;COOK:KClO,=4:6(by wt.)
Tube materials;
(a) aluminum tube, (b) glass tube, (c) vinyl
chloride tube

tubes diameter; 1. 2cm, tubes length; 6. Ocm,
sample weight;: 5g
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Fig 9 Relation between sound pressure and frequency
for whistling noise observed by FFT analyzer
Composition; C;H;COOK:KClO,=4:6(by wt.)
Tube materials;

(a) aluminum tube, (b) glass tube, (¢} vinyl
chloride tube

tubes diameter; 1. 2cm, tubes length; 6. Ocm,
sample weight; 5g

% Fig 9ILFT, TAI=v L@z ERALEETOK
AP 2. SkHz FHETH Y, FTIEHBKIH 108. 2
dB%# R L7 (Fig.9™a), i, EARREKOWHW 2%
R THD 4. 9kHz DR L HEDO Y — 7 RS
hic, ¥7AMZ2ERLAGETORABREEIT2. 2
kHz fETHY, FELR KM 107. 1dBER L
(Fig.9™b), £/, EAREEOH 2{EAKEKTH
3 4. 5kHz DFFIC b FEDO E— 2 BB 6, ik
Y= fE 2R LS T oEEBE S 2. 3kHz fHF
ThHy, FELRKI105.9dB #~L 7= (Fig. 9D
c)o Eiz, EXRAEREOM 2{EEEETHS 4.5kHz
DR L HFEOE— 7 BB LN, REEOZLETO
HEEFEALEEEOFEILS.5dB THHTHD
B, BMLELTTIAI=UA HFR, k=A%
ERTAZ LIz, FEN110dBFHEIZR ST,

Wiz, B2OEMIZOVWTRAKEZELHEDR
B, HE, SREEREREEIT > &R % Table 2
ZRd, BHEEANEMEIE, BEL 2cm, f£6.0
emDHDEHERA LI,

TOBRLY, BEORBBIIRR - EER
LTH2.2~2.5kHz TH 5, i, HHEORRERE
BERR2-7-EHEERLTYH0.5~0.8cm/sec TH
b, L7=ioT, HOMIELSRSEHEEIZ SV VTIEE

Table 2 Effect of tube materials on whistling noise
(a) paper tube

frequen sound |rate (:)f
quency pressure | burning

ORI P e

2300 93.5 0. 49
2525 96.9 0. 69
2513 91.1 0.62

0N W W
I ea »e -n
-

(b) aluminum tube

sound |rateof

C,H,COOK:KCIO, f’e?;:;‘cy pressure| burning

- (dB) |(cm/sec)
4:6 2450 | 108.2 | 0.53
3:7 2300 | 108.8 | 0.66
2:8 2250

105.5 0.80

(c) glass tube

frequency sound |rate ?f
pressure| burning

C:H;COOK:KCIO, (Hz) ooure| purning
cm/sec

2225 107. 1 0.49
2450 110.7 0.58
{2225 92.6 ! 0.57

[ IS
[ BN I - )
|

(d) vinyl chloride tube

soun& rate of
pressure| burning
(H2) " (dB) |(cm/sec)

L
| 2300 105.9 | 0.48
i
|

|
C,H;COOK:KCIO, | Feauency

2250 110.8 0. 64
0.59

: 6
0 7
: 8

[\ J/L

2500 105.6

Tubes diameter; 1. 2cm, tubes length; 6. 0cm
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A, HFR, B =LOBEHRIEE L ViEVHD
LR &h 557,

4 &8 B
HAOEEL LTERCER SN TV 2 REEFRY
Y o LLIBEERD ) UL LOREMIZOVT, AL
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Thermal behavior of the mixtures of potassium benzoate
with potassium perchlorate

(Study on pyrotechnic whistling noise)

Koki ISHIKAWA®, Michio KOGA®*, Masaru MATSUMOTO",
Toshiaki TSURU®, and Shun-ichi YOSHINAGA'®

The mixtures of potassium salt of aromatic compounds such as benzoic acid, terephthalic acid and
salicylic acid and potassium perchlorate were widely used as a pyrotechnic whistle composition.

In this report, the reactions of pyrotechnic whistle compositions of the mixtures of potassium
benzoate with potassium perchlorate were investigated by thermal analysis, observation by micro-
scope and sound test such as the waveform, frequency and sound pressure analysis of the whistling
noise for different compositions, tube length and material of tube. The results obtained are as follows:
(1) The compositions capable for producing whistling noise are the mixtures of potassium benzoate

with potassium perchlorate which compositions are in the proportions 40/60, 30/70, and 20/80
(C;H;COOK/KCIO, by wt.).

(2) The fundamental frequency of the pyrotechnic whistling noise is about 2kHz, and harmonic sound
appears beside the fundamental sound. The frequency is inversely proportional to the length of
tube. Therefore, whistling noise was considered to appear by the resonance of the tube.

(3) Although different materials were used for the tubes, they made little difference in frequency and
linear burning rate, when whistling compositions pressed into the aluminum, glass, and vinyl
chloride tube. The sound pressure increases about 10dB louder compared to that one which pressed
into the paper tube.

(*Faculty of Engineering, Kyushu Sangyo University 3— 1, Matsukadai 2-Chome, Higashi-
ku, Fukuoka 813-0004, JAPAN)
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