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Explosion Characteristics of Flammable Gas-Dust Mixtures
—Explosion of Hydrogen-Cornstarch-Air Mixture—*

by Toshihiro HAYASHI**, Toei MATSUDA** and Hidenori MATSUT**

Abstract: There have been many reports on explosion characteristics of either flammable gas,

vapour or dust. However, explosion hazard of flammable gas mixed with flammable dust, or hy-
brid mixture, has not been well understood yet. With the advancement of techniques in pulver-
izing solid materials and with the increase of powder handling processes, the hazard assessment
and the establishment of preventive method for explosions of these hybrid mixture will be more
important from the viewpoint of industrial loss prevention.

This report describes,as the first step to the study of hybrid mixture explos1on the effect of
cornstarch powder content on such explosion characteristics of hydrogen-air mixture as maximum
attainable pressure and pressure rise rate. Explosion tests were carried out in a 23-liter cylindrical
vessel, in which a required mixture of hydrogen-air was filled; cornstarch was blown up from the
bottom of the vessel so as to produce a dust cloud, by means of a pressurized gaseous mixture
with the same composition as in the vessel. Cornstarch-air and hydrogen-air mixtures were also
ignited at the center of the vessel by a red hot wire, and the results were compared to those of
hybrid mixtures. ‘

The maximum explosion pressure of cornstarch-air mixture was found comparable to that of
stoichiometric hydrogen-air mixture. Cornstarch dust dispersed into rich hydrogen-air mixture
gave decreased explosion pressures as the increase of dispersed mass of dust. For the stoichio-
metric hydrogen-air mixture, dispersion of dust gave slightly higher explosion pressures probably
because of a partial contribution of thermal decomposition of dust. On the other hand, explo-
sion pressure always increased when any amount of dust was dispersed into lean hydrogen-air
mixture. Effect of dust dispersion on the maximum rate of pressure rise showed a similar trend
to that on explosion pressure. In this case, however, no hydrogen-cornstarch-air mixture gave a
higher pressure rise rate than that of stoichometric hydrogen-air mixture. From a viewpoint of
explosion safety in industries, one of the most hazardous situation was found in the mixture of
smaller amount of hydrogen and cornstarch, which gave relatively higher increasing both in ex-
plosion pressure and pressure rise rate. Calculation trial for explosion pressure of hybrid mixture
showed the importance of reasonable model of combustion and efficiency of dust combustion.

Key Words: Explosion, Hybrid mixture, Flammable Gas, Flammable Dust, Pressure

*

199046 12 A7 B % 23 MELTFWERELCBVWIEE

** [L2EWF90ES, Chemical Safety Research Division



— 42 —

1.

TIREED 7 2« A H B WIZIPHH 7 L2 LB
WCZERLIBALIRBADBRRICET 50383 275,
TIRIED 7 2 « RA L RS TRRHCHET 2554120
Wi, BoRESET ORI Dz bnnt3),
FRRBHOE S Z N, BATIE, ARBPLAL
29 DRAWICET 2WESD L Lok 2, —i%
DEEBIB T LRBAYORBRIEIIS ) B
INT i, EEBFERICBIT2ARENT X - HBR
EREROBRAMOBRREL LT, 72k 231K
HHE (BHIER) » B UEES»HERwIaic
L NEBRT 2 TRICBIT 2 ERER L BESBRO
BAVMDBRI D D5, &5 LiRAWORRE
BZDORSH R D B\ ITREROERE S & Tl
BB T LIRS TR v, BREEBILLT
FHT 2RMORREIRONT, 25 LEEHEAY
L 2BRKENHIEMELEEICA 2 LBbNRS
», BROTHH 5B EOHELET 20
i3, T LRAWOBIREIEIC I 2 i 7o
BPVETH D,
ZOWMETIE, TRIEDSK R « BREBEOES
MOBREBIED, ZNZNPEMOBAICILLTY
DEHIREBLIP2HLPIITEIEE2BHNELT
VB, SITIEHAET, BHABRRICBTKE-
- R —FR-EREBEAPOBEREHIIOWT

il

EXTEMRAFERE  RIIS-RR-90

ERLHEREERET 5. B, ¥X—HHEEA
DBREBRADOEE ICOWTIEHEEICW L OB DERE
D% ENT B, ABOERIIEE LPME ICE
RLEBRRCTT-72,

2. RROFHEHER

2.1 EERIERE

EREEZ Fig. 1 ITRT. WA 23L DBRREER
(LT, &L nd) %, BiREER2RRLCRERE,
WL ROERER (Cufi 18.5) 2R THERE 2L © -
ARV —IZHERT 5, FARNVT -, BiE%E
RE BT TCHEE 2 20D IEREDFRICHW,
FIERIE, FEBARRIKE-ERIBEAT ADEA
ICEBRRDKRETZARN T —NOIREHN Xz
TAHIERFCOITHIT I,

BBOPLITIZTIANVKDO=7 0 sff % EHEED
BRRICE O ZEEL, 24V OBFEHMIC L Y RS E
TEHEAKRE L7,

BEOBRERH DI, RETOHO (BBD
JEER) 1SHBRIRD 20 A v v 2 EHEEEY T2, £
72, BRNTOBREOGEREERESE, 22, B
SEAREOETRIC L 2 FKEDHWHE#IT S 725
12, BHOFLEIRIC 6 ADKiEIZ L Y HEER (O
£ 24mm, =& 28mm, TEA 60 E) 2{EF L7,
M$EEDTERUMEIR, THEROERLZ L LIC,

3004
s igniter

355

Dispersion

ey i

Cornstarch dust

\23-liter
test vessel

L 1-inch blowing-up tu{)e

{Pressure transducer

Dust detector

2-liter gas holder:
Air or H,~air mixture
1.9 bar

-

(

Check
valve’ .
/ /Solenmd valve
\]
| < =

Fig. 1

Scheme of test apparatus.

RREKE



RS 2 — B ERREAMDOBRRRE— 2D 1 KE -2 - A7 —FBDHE—

a—VRI—FH—ERREAMOLATKREEE
BT MR L% B L) IRRE L,

BRIE S OFHINC I B RAIE ICHR ) fHF ey —
SRIENEHE (55 30bar) LEIEWIEEE LV,
AEVMFIRBRES SRR L -OBIT L, £72,
¥BBNXNL YT —FHWT, EHANDI—-V R —
FHOFERN & LBA L 72, FBRKFOREAD
MPEH2—F LT 52010, B ~DBERRMIZ
0.4s ICEZE L7z, F/2, FXE~DBERH I 0.6s
CEE LY, EBRFLEXNE~DOBRELHK TS
PRI S 4 = —ic X DKL 72,

02 EBRHARUBE

AZEEIHHRECRANVDLIDEZDEEH, &
Kfldar vy r—rLNERER/E V) ATV
BEEBLTHWE, KE-ERRAARIHITK
FRBRAZ v I7RCTHREEL, THRHRXIIRRE
FHC X WARRBEZ2ER L -OBERICHW,

2— 27 —FRIZERBTIERD DD E AV, 200
Ay ahb\niEfaE 80°C T 24 BefE LI EERE L
e b ERRICHE L7,

23 EEFE

-V A —FH-ERERMRVOKRE—a—>
24— FB—ERBEAMNBRREERICERL T, &
Blia—r25—=F% (LT, RF—FHEBRT
BIEHHB) BEGEHNILAZENICEL A,
SR IEFEAHE, SRR ERAMERREXKEZ 2y
FLAnb, BREEHAT S, HHEAVARECEHR
FOBFNRERENZEEL Lcnb, ERAXIIFLE
DD KE-ZERBAETSRAEREALTEHZORNE
PIEHREASIE (1.013bar) KELLT 2, TR
F—IiziE, ABENICHECT L0 LRI—ERDIEET
2% 1.9bar (EH37—YE, UTRHEL) o—EE
2T, BESEAKEOTIRE L, 3.2g L
T2y —FHrERLDEAWCET 2 TIiHEER
o, BREIPBRELDEMBE LTRDIZEN
ThHb, :

BHARRVUEBEKRBE~NOBEFHRE2 I ~>—I12 4D
BRE Lo LEEEREZRESITUEL, REMICHK-
TEBEAFCTMERFICL D R —FBIIRE
EiFbh, BELCEEENEZRTCENSN, EH
DM ELDRHER I NG, A —F L nEn
72901z, FHFOFIEIZ L > TRE-ZEZRIBEATAD

— 43 -

(a) lgnition just after dust

25, dispersion

Q ~

39

@ T

=} Cornstarch 2.8¢g

o
0]

—10r

1]

£ \ .

o . Flame light \

“Z

=

D / Dust dispersion

g0 - !
0 Time (s) 15

(b) Ignition in the midst of

25~ dust dispersion

D =

50

[/,

22 Cornstarch 1.1g /\

| -

o
0 )

w101 Light from ignitor_

5

e

4

5 Dust

o} 0 dispersion’ ,
0 Time (s) 15

Fig. 2 Effect of ignition timing on explosion process of
cornstarch-air mixture.

BFEDOSE & B KO BFROBAR

BRERLITH

CHERBRFETHE, BESERAI[EoEHIICLD)
REANED 0.19bar I EH L 7-Rs THREEIC L 58
N ERDRE D, COMBER2EOTEZELR
BXEZBRIENE Lz, 32, HFXEEZFEND
DTHY, BERE» =7 usiBOKEE TOR
fZEK 10ms DEHTEEN T HDHT, THEFZREIC
ANT, FA—%BFTEAFHLZEILIELERD
To72,

IRFE—ERIRETRADBRERIT, FRKEFEORR
RHNAD L wEIERBTICBWT 3iT- 7205, 28
RERNEHEC, MRk 2OXENFEICL-T
BRENCIIZEIDDO LN -7,

24 EERER

TSR LBEDBRAEERICBNTL, BEOS
D HEKE TORMBRIEKBROEEICHET



-44 - EERLWENMTHiE RIIS-RR-90
or H, in air a8
n® ) e
) = TEEE 0.3mol/mol 5
. 8f 6k
é a r 0.1mol/mol o
D/U/D—D—_—D ;
2 a4l
3 3t Cornstarch in air s
1]
o —9 & " ©
& — 329 S0
c2r 09/0/’0_“0\0 2
] 2
s 289 ’% :
0
;ﬁ. 1k w 0 .’. H 1 1 ] 1
1] 0 2 a 6 8 10
Mass of cornstarch (9)
o 1 1 ] 1

1
0 01 02 03 04 05
Time between solenoid valve

operation and ignition (s)
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Fig. 4 Explosion pressure of cornstarch-air mixture.
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Fig. 5 Explosion pressure of hydrogen-air mixture.
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Fig. 9 Maximum rate of pressure rise for explosions of
hybrid mixture.
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