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Measurement of Lower Explosibility Limits of Dusts Dispersed
in Air in a Large Scale Vertical Tube

by Toei MATSUDA* and Toshihiro HAYASHTI*

Abstract: A better knowledge of the flammability of combustible dusts is essential for prevention of
the fire and explosion in their use. Many published recommendations or guidelines on explosion
protection methods carry the lean flammability data of dusts for the sake of industry. However,
the data are often quite different from one apparatus to another, and seem not to be reproducible
even in a certain international round-robin tests with the accepted testing method in ISO or
ASTM. Thus, accurate lean limit data are important for industrial safety considerations, as well
as for intrinsic scientific interest.

In this report, lower flammability limits were obtained with dusts dispersed in air in a vertical
tube of 225 mm in diameter and 189c¢cm in overall length. The top of the tube was closed and
the bottom was open for observation of upward flame propagation. The method of forming
dust clouds in the tube was followed with Lee et al. (1987), who used a circular perforated
tube and a rod to suppress turbulence level of the mixtures. The dust divided in two small
chambers was dispersed through two perforated tubes with linear array of holes by high pressure
air. The directed momentum of the dispersion jets was broken with a circular rod to provide
a more uniform distribution of dust inside the explosion tube. The igniting source was the
chemical poWder of aluminium, barium peroxide and barium nitrate. The uniformity of the
dust-air mixtures was examined with an optical monitor. The optical transmission data showed
for the mixtures to keep even dust distribution after about 0.5s elapsed from the dispersion pulse.
Ignition was then activated with the time dalay.

Upward flame propagation was detected with phototransistors on the tube wall, and the
radiation signals from dust flames indicated low-frequency vibrations. These observations were
found to be similar to the results for corn-starch dust flames of Veyssiére et al. (1988). Then,
the top flange of the tube was replaced by a 50 mm orifice to damp the vibration.

23 kinds of antioxidant or light-absorbing powders additive to plastics and lycopodium powder
were used as organic fuels. The lower limits for these dusts were between 70 and 200g/ rn3, and
the lycopodium and the other two dusts showed the lowest value of 7Og/m3. Any relationship
between average particle sizes and the lower limits was not suggested, but it seemed the dusts
having good dispersability may show the value as high as 70g/ m? for the “true” value of the lower
explosibility limit for the dusts used in these experiments.Data from a Hartmann apparatus and
a standard 20! spherical bomb varry from 26 to 45g/ m? for the lean limit of lycopodium dust.
The validity of industrial application of these data is discussed within the framework of safety
considerations.
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Fig. 1 Experimental apparatus (Schematic)
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Fig. 2 Variations of light trasmission for corn-starch
dust mixtures in the tube
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Fig. 3 Photosensor output records for lycopodium-air flames

BRI CAKRDF b HHNER

L L, BBELIMNE (L9 —Q) THZibt
DLTEME (2 —Q) THORIHP{ERPIZKE

e ENH, WLARTFOERLBKEICL 200, B

CRERICE W2, MR 2ERO OIS
v, £, EHEEREBOEMAR RIS, ¥0.28
TR ErsERI NG, B8R, BEPRE
73, BMBRETEHE, OB LAEPY - VFEHRT S
DRIz, TNHEDBED H, BRERREE 05 F
BICEATICEHEKRTH I Lic Lz,

ERE, THI=T7LRBFREBEE Y 7 AE LI
WEEALN) LA L ARAKRELZTHFRDBKET
FEET 2 HETITWY, 2DOME I3 TS 5 30cm b
DFFE Lz (BT AL X—#5kT), ‘

ERTHERLELhERRNL, 7725975
A E LTHERINTY 2BILB LRI EERIT
H b0, EBREINLDEBE D, BEHD
b LIZELT, BEROFERILAmE LTH,
iz, SEEOENEEREREE () BARBHR
TEBRMHS) THEIAERTFLE2HERALL,

3. XBRBREIUER

3.1 BRETBRR

CCTHWIRBRTREOHESRME, EBETX
DIEHER RO A L FARRIC, iR, THREAROE
HEREECBII2LELHFRREBEODEETHSH, 0¥
ENT2D, 2T Vv—FE)ar - kbbb Ty
2% (&% NEC:PTSL, Fig. 1 IR L72fIEnt
@O, @) 2EHRALL, Ber4id, TE3E3%
KEAKEFMICREINS & ICHE 6 mm DH
ERICEFLLOD SRR LIcRE L, %
B, 4143y - Xryy 7R LEY, BrkET L2
OHPHNBEFGEGP 70T, T TIEHR MY
& BEGFICOWTHEN S,

ERARREEEBNE, rv@, @bl
AKRDOFREEZZIRZ 0%, [EEHr% TS, £
e FOQNANDH R DEFEING, 51T, &Y
FOOMBIZIHEELNTL, EXBERAKED LD
FIT 554 (R 180 ~ 250ms ) & F KR



ABEHEEEEBEICL OB LABRETRAORE

80(g/m®) [ 85(g/m®)

-~ Sensor(®)

Photorensor output(arb.)

Time after ignition(s)

Fig. 4 Photosensor output records for the dust sam-’

ple(S) in Table 1
* b ARG (H# S, Table 1)

EETH LAWRRT 558075, ZOBBROE
BITL - T, BRI ED 5,

ERFBLAOTRAFBROREICEITS, &KX
RO R b Y 0EBHE, Fig 3ICRT, &
B, Kby ToBEZEILT, Bulsficts
HMALWIBTEB LI LD, BOKE T H -
RBAE, BARERYIN T3, Rick b,
KERBFOBEHZL B H NI, BT LI—ETIEE
WA, HEEREE TR SO T, B LADBRE %4
FEALIZRANTE 5, L AIRE 60g/m3 DAl
i, L OO L, BT THE TR E (B
MT B b dE, KROLEFEIFEFE 6%
Vv, T0g/m3DIBEEIC e B Y, TERETOMRERT 1%
EIRK e VQOKRELMAIDPBLNEI L b,
BRI EHERRBEIETHE I E Wb b, F72, Kk
RO—EHBWREOBEIIFBE LT TFHNETT
B32rd, FOBROKR ML UVFODWEED LHEET
2%, BLABREE2SLICE LT 110g/m3ic$ 5
L, FREETOBMBED#T L v b EHEIED
R, KRBT SEEHLT L) ICED
BIED, BAEND, TDL) RIEETI, EE
HERORBEIRE DLW BIEDS, b8, B%
HRDTHBIZBAKLTH DT, BRele EHARE
EE2ELLTWEA, 2ENEKELETH 5WIEE

—55 —

P.t. output(arb.)

g

Time after ignition(s)

Fig. 5 Enlargement of a part of records in Fig. 4, show-

ing flame vibration

Fig. 4 DX EIREED O—FHEAK

SR EIEER T, A5 FR» 5 KR F
PIIETT 0T, BRIZE > THEITRRIZIEE
T&7, L&L, #hiNd, EHARGBIEIIKRE
TIREIE M) bOTH -7,
IREITORERR, Fig. 32563 ) AW 55,
Fig4d offllichZ B <ART, BN, HEHLA
(Table. 1; 3k S) OTRFIE L BT HEFEKRED
LN ERT, FRICLEB L, BLABEDSE
B L 72 EFKRBIEDEELRT L FQOH
FZEFPRET, SRR (Fig. 5) ORT L H1T, k&K
e & BNV hoEiag 2 R T HIREHER
DN, KW LEFRERIFLGAL, “XX-" (&
) LW RELEFEIVHIZ, LR AICH
L7z, ZitsDIREIEKI 62.56 ~ T1.4Hz TH -7z,
BEERTHID L) BRkROEBIXITH) IREERS
X, KR ERRBIETOFTFWEREE L OHAETFBIC
Fazirmontsy), & a—YRZ—FKHL
A KH I THERI L7 Veyssiere &% iR & 411
T2, HLNBEEBRAICLZ L, BLAKRIE, %
BORNIRICTEEL I2/NKRDP % 5 REELHESE
Thb, 22T, KROEREFEBR 20, Lk, EE
FOLZERE 50 mm O/NRE BT TAREISE B
L7z, 2R, IREFRKIIBRIS izys, AT
WLADTRABEMBREDL L L -T2,



100(g/m?)
95
90

I 1 1 i i J85
1 2 3

Time after ignition(s)
Fig. 6 Photosensor output records @ for polyethylene
dust flame near the lean limit
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Table 1  Summary. of lower explosibility limit data
BLABETRERAUEF~7DELY
No. Dust dso(span)* Lower limit Kg:
(pm) (g/m®)  (barm/s)
A | 1,3,5-tris(3,5-di-t-butyl-4-hydroxybenzyl)-s-triazine- 32 (2.30) 85 234
: 2,4,6-(1H,3H,5H)trione
B | 1,1,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl) butane 29 (1.47) 70 307
C | 1,1-bis(2-methyl-4-hydroxy-5-t-butylphenyl) butane 23 (2.93) 80 263
D | octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate 94 (1.53) 70 137
E | pentaerythrityl-tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphenyl) 54 (3.59) 170 135
propionate]
F | 2,2-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl) propionyloxy] 85 (2.19) 140 156
diethyl sulfide
G | 3,9-bis[2{3-(3,5-di-t-butyl-4-hydroxyphenyl) propionyloxy} 15 (2.24) 120 143
' 1,1-dimethylethyl]2,4,8,10-tetraoxaspiroundecane
H |1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzil) 88 (2.60) 85 235
benzene
I | pentaerythritol-bis-[(2,6-di-t-butyl-4-methylphenyl) phosphite] 14 (4.94) 110 206
J | methylene bis(3,5-di-t-butyl-2-phenyl)octyl phosphite 249 (1.77) 200 -
K |tris(2,4-di-t-butylphenyl) phosphite 29 (3.20) 80 269
L [N-(2,3,5-triazol)2-hydroxybenzamide 15 (2.50) 130 271
M | N,N’-(2-hydroxybenzoyl) dodecandioxy-hydrazide 15 (3.39) 115 195
N | bis(p-t-butylphenyl) sodium phosphate 3 180 143
O | methylene bis(3,5-di-t-butyl-2-phenyl) sodium phosphate 3> 95 192
P | 2-(3-t-butyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzotriazole 40 (4.36) 85 210
Q | methylene bis(2-hydroxy-3-(2-benzo-triazyl)-5-octylphenyl) 37 (2.57) 75 263
R | 2-benzoyl-4-octanoxy-phenol 117 (2.04) 110 222
S | methylene bis(2-hydroxyl-3-benzil-6-methoxyphenyl) " 26 (2.03) 85 ~
T | tetraxkis(2,2,6,6-tetramethyl-4-piperidinyl) 1,2,3,4- 39 (3.34) 95 166
butanetetracarboxylate
U [1,2,3,4-butane-t-carbonate/1,2,2,6,6-pentamethyl-4- 37 (2.69) 100 226
piteridinol/B, 8, B, B-tetramethyl-3,9-(2,4,8,10-tetraoxa
spiro)[5,5] undecandiethanol/condensed compounds (#§&#)
V| bis(3,3,5,5-tetramethyl-4-piperidinyl) octandioate 58 (1.49) 90 206
W | lycopodium (FARF) *** 31 (0.40) 70 163

* dsg=particle mean diameter (Wet measurement by laser diffraction, span=(dgo — d10)/ds0)
** Dry measurement {Microtrack-method)
*** Standard dust sample of The Association of Powder Process Industry & Engineering

Kt = (dp/dt)max - V1/3
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