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Table 1 Samples of firework compositions.

Symbol -

Formula (Weight ratio) Note
G-1  KCIOs/Al/S/Sh (100/40(200mesh)/20/15) SUISEI
G-2  KCIOJAI/BL/Wm/Sh (100/27(200mesh)/17/3/3) ~ DRAGON
G-3  KCIOJAlBL/Wm/Sh - - (100/27(300mesh)/17/3/3) -~ - »#
G-4  NHCIOJAYBL/Wm/Sh  (100/27(200mesh)/17/3/3) ,
G-5  NH,CIO/AlBL/Wm/Sh (100/27(300mesh)/17/3/3) -
G-6  NHCIOJ/AYBL/Wm/Sh (100/38(200mesh)/17/3/3) o
$-1 KCl10,/SrCO;/Se/C (100/30/10/8) - covered with ignition composition
S-2  KClOy/SrCOs/BL/C/Sh (60/20/9/6/5)
S-3  KCIOy/Ba(NODo/BL/C/Sh  (45/30/9/9{7)
S4  KCIO,/CA/C/Sh (60/23/12/5)
S-5 . KCIOy/AYC/Sh (53/23/4/10) :
S-6 KCI0ySrCO,/Se/C €100/20/10/8) covered with black powder
S-7  KClO/SrCOy/Mg/BHC/Se  (100/60/140/20/20)
S§-8  KClOy/SrCO,/Mg/BL/Pi (36/18/33/6/1)
S-9  KCIO,/Ba(NO:):/Mg/BL/Pi (33/26/30/5/6)
R-1 ~ KCIOSrCOySe/C ~  (100/30/10/8) -
R-2 - KCIO/SrCO,/Se/C €100/20/10/8) -
She--:Starch ~ Wm-----Wood meal  BL---<-Rosin ' Pi-.----Pine root pitch
Se------Shellac  CA-++++-3CuQ»As,034 Cu(CH,C0O0),
KB RAAL THHIT Lo N T Py
L 8. RELBR YEALTHELLDT, ThoNFTaEkdo
3.1 RO®BA v RIARL L, $AhRSOIDOVWTILRNEE L.
- kOBFLRABRO GRSBEENREPCEH I FhRROSBEC e - P ANTE IO RT
ZRBEYETRELIIFTALOT, SEPY Al 5 & Lize ZOHEHANTATHUC IV 2 EK, WD

BELAARITAL S 2 VvRIEFLND LOND
%o FRa&MEIL Table 2 TR/ U1

4D RBA TV, TOERIL Table 8 iIZRLiz,
BRCRTRE SR BEONRBL TOBRD
REDHVIRBHAMC L 572 bDThHB, Thb
B, FHMFC L HROEBOEE, BIELICHT

BALALTH . ,
B L AR L O BRNEN S INBLEL,
kT % & TOBER] (sec) ThHo RIGEEIIRE Y
R TER L TR S OB Y O P HRIG i
Tdh Do KDM EFHIKOMERRYEMORBT
KERLTHAYE S0ms ODMEBNSOFEELEL

Table 2 Experimental conditions for gerbes

‘No. Symbol - Quantity Package

Location Igniter

1 G-1 S5kg Polyethylene sheet bag
-2 ] 30kg Corrugated carton
8 n "

4 50kg v

5 ] ” ”

6 G-2 30kg )
7. G-3 P )
. 8 G4 L] I}

9 - AG—5 n o

10 G-6 Skg Polyethylene sheet bag
11 u 30kg Corrugated carton

12 - v ' e

13 P 50kg . . P

14 o u . v

on the ground Two detonators
" Concrete-floor Two squibs and Yakushi
on the ground . ” ‘

4
Concrete-floor
on the ground

”

=

n

”

»

s
Concrete-floor
on the ground
Concrete-floor

R 3 ;g R

N

[

. Yakushi: Washi (Japanese paper) which is coated with black powder.
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Table 3 Experimental results from gerbes

* Extinguished time

2
°

Phenomenon

Burning velocity Flame height at 50ms from ignition
(kg/sec) (

(sec)
1 Combustion L 212 ey 2.4 - A 5.6
2 s . -- 333 RN N o o 7.6
3 e 3,79 7.9 . < - 8,8 o
4 . " Deflagration =~ 1,82 et ST e o
5 Y 1.00 50.0 9.0 '
'6 v A 2.03 148 - -
7 Detonation - — -
8 Deflagration 2.87 . 10.0 ‘ L=
9 v 2.75 109 .- - =
10 Combustion 4,85 1.0 - ] - . 5.0
1 P 3.70 8.1 = . 11.5
12 P 3.30 9.1 : 7.6
13 P 6.24 8.0 9.5
14 P 14.40 3.5 . 10.2
72b0DTH B, DEFREKFOL LTFZ LEVERRTH Do #57

REBFD 5B No. 7T IMARF R L IL->THES L
2t EOMOREIIRIRD A\ IMERIRIBTH o 2o
5 L No.7 iRREE R ORI BAE 2.5m,
%X 0.72m Or —~F ANTE. ZO=—FADK
ZIFAREO BEL VN PION KL DI KE
Vo AR LYI: No.6 LBERICTHIMNREAL
f= ALHORIEDMR WD %o Tirbb, No.6ix200

AwraTdHh;  No.THL 800 2w o THIEEN M-
{TroTWwWhe ZOX 5Bt KCIO, X VKT
LBbhs KCIO, TY Al BOREICY » Tixiale
HENFLRY, |EDTHILMDD, ZOTLRR

NH(CIO; FiZ2WTLRBOZ LM LD, Tieb
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»iko
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DEAFEHELERTROENRYNAEL, BENS
U ABRN»S 10m HEDRIIICRTHHOMD
27 .

8.2 2 M

BRI XTICH (RUAE §) LAYRETR
e/, RACEARE LTRAXESYE
SUTERT S0 LicttoT, BABOHIIALF
LHEOEDIREV, S-1, 5-6, S-TIRRB LD
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RiR I LUK HLL Table 4 i\.ﬂ"’-o ¥Rk

B Table § IRL

REA23GIDS B, No.19 ;zﬁm*mm 58
Lieht, TOMORMLRED SV IBRBRRIETH-
7o No.19 i KB+ ms HIC OV SRTR L S
TRZ5L, HPUTILEE %cm, FX 13em O -}
ANTEie SO — FFUSRHDIZ LA EHBKL

~ R DBIRMAZ 5 LD, BRO L5 ICHKTBICIH
THTHLDOLUEETHE, EOREIIPEL K>

Twd, .
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%27 REICE SREBELRLUTEBERAML L, BROLEX VBRI X TRIAL TS, ERAOH
Thbic ks BORBERECPBRABOSORLR - M 7> THTERBCRBKL TV S,

Table 4 Experimental conditioxrlsr for -stﬁr gra‘i-nsy o

No. Symbol Quantity Package . Location Igniter
15 s-1 5kg Craft paper bag - on the ground Two squibs and Yakushi
16 " 7 v : " Two detonators
17 P 30kg Wooden box 2 : Two squibs and Yakushi
18 2 o 2 Concrete-floor e -
19 I3 100kg ] on the ground ”
20 S-2 Skg Craft paper bag - ” ”
21 v 30kg Corrugated carton ” 3
22 S-3 - kg Craft paper bag - . )
23 ) ‘30kg Corrugated carton ? o
24 S-4 Skg Craft papea bag 7 ”
25 . ».  30kg  Corrugated carton ” 4
26 S-5 skg Craft paper bag W T
27 ” 30kg Corrugated carton ’ "
28 S-6 Skg Craft paper bag » 7
29 7 30kg Wooden box . P
30 S-7 5kg Craft paper bag ? ”
31 2 30kg Polyethylene sheet bag o ow ”
32 P 7 ’ o Concrete-floor v
' 33 100kg Wooden box on the ground 2N
-3 S-8 Skg Craft paper bag 2 o
35 7 30kg Corrugated carton I v
36 S-9 Skg Craft paper bag '’ ”
37 e 30kg Corrugated carton o 7

Table § Experimental results from star grains . »

. No. ' Phenomenon Extinguished time(sec) Burning velocity(kg/sec) Scattering diameter of stars(m)

15  Combustion 2.2 2.3. 1.6
16  Deflagration 2.1 : 2.4 -
17 ” 3.3 9.1 | ' —
18 v 1.6 18.8 : —
19  Detonation : _— - 5.5
20 Combustion 1.6 3.1 3.5
21  Deflagration 1.3 23.4 L -
22  Combustion 1.6 3.2 ’ - 5.7
23  Deflagration 2.1 4.1 B 17.3
24 [ 2.4 2.1 -—
25 .. r 2.5 12.1 -
26  Combustion 3.2 1.5 —_
27 " 4.7 6.4 15.5
28 = »n - - o —
29 - Deflagration : 2.8 e 10.7 . 5.8
30~ . Combustion - 2.7 1.9 3.7
31 - Deflagration - - -
32 ” 4.5 6.7 5.3
33 ' [ 4.7 2.1 ’ ' 4.0
34  Combustion 2.2 2.3 - : 3.3
85  Deflagration . 3.1 9.8 : 11.0
36  Combustion _ 2.4 2.1 .. 2.8
37 Deflagration - — -
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Table 6 Experimental conditions for star compositions as powder

No. Symbol Quantity Package

Location Igniter

38 R-1 ske Polyethylene sheet bag on the ground Two squibs and Yakushi
39 ° n - ' : ' ) " ‘Two detonators
40 ] 30kg " 3 Two squibs and Yakushi
41 100kg . Wooden box o L L]
42 R-2 5kg Polyethylene sheet bag " n
43 v 30kg Carft paper bag 4 ”
 Table 7 Experimental results from star compositions as powder' "~
No. Phenomenon ~ Extinguished time (sec) - Burning ‘velosity - (kg/fsec)
38 Combustion o 10 0.5 T
39 P 1.5 32
40 v 4.3 7.0
41 2 10 10
42 v - 8.0 0.6
43 2 8.2 9.4
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- _ ~Studies on firework_compositions (]I) L

Combustion characteristics of piled firework compositions ;
gerbs, star grains and star compositions as powder

by Noboru Ishikawa* and Masao Kusakabe*
o Since 1967 a series of field experiinehiﬁs; has Bee'ndpx"acticed’ on a large scale
by The Ministry of International Trade and Industry to contribute useful data
to safety regulations. This paper summarizes the results on the combustion
‘characters of three types of firéework compositions (Table 1). The compositions
were piled on the ground or on a concrete-floor in 5kg, 30kg, 50kg or 100kg and
they were ignited with two squibs combined with powder pasted paper, Yakushl,
or for some samples with two detonators (Table 2, 4, 6). .The phenomena were
photographed with a 16 mm cmecamera :(Bolex) with a speed 32 plctures per.:
second and the crater format:ons were examined. From 37 tests the reaction
modes were classified into three.: combustion, deflagration and detonation. Most
gerbes showed combustion or deflagration except when a composition contained
fine aluminium, the particle size of which was less than 300 mesh. The reaction
of the composition with fine aluminium was promoted to detonation (Table 3).
The star grains of 100 kg shifted to detonation from several ten ms combustion
and in other cases they showed combustion or deflagration (Table 5). The star
composition powders showed combustion even with a quantity of 100kg (Table 7).

(*Agency of Industrial Science and Technology, 1-3-4Nishiyawata, 254
Hiratsuka-shi, Kanagawa-ken, JAPAN)
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